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INTRODUCTION 


The MCS‘48™ family of single-chip-microcom¬ 
puters has become an industry standard since the 
introduction of its original member (the 8748) in 
1979. The family is now comprised of seven mem¬ 
bers (see table). All of these components share a 
common architecture; each of them has unique 
features which may prove beneficial in a given 
application. 

This manual is a collection of the application infor¬ 
mation available for the MCS-48 family. Several 
items concerning Intel’s UPI-41™ family are also 
included. The UPI-41 family is a series of universal 
peripheral interface devices which have an archi¬ 
tecture which almost duplicates that of the MCS- 
48. The only significant difference is that UPI-41 


devices reside on a system bus as a slave device 
whereas MCS-48 components are typically bus 
masters. Because of the similarity between these 
two series of parts, application techniques can 
usually be applied equally well to members of both 
families. It is hoped that the inclusion of the appli¬ 
cation notes concerning the UPI-41 family will be 
useful to designers working with MCS-48 family 
components. 

The material included in this manual is believed to 
be accurate; if you find any errors, or If you have 
any suggestions for future application notes for 
the MCS-48 family, we would appreciate hearing 
from you. 


CHARACTERISTICS 

COMPONENT 

ROM SIZE 
(KILOBYTES) 

8021 

8022 

8035 

8039 

8048 

8049 

8748 

1 

2 

_ 

_ 

1 

2 

r 

RAM SIZE 
(BYTES) 

64 

64 

64 

128 

64 

128 

64 

I/O PINS 

21 

28 

16 

15 

27 

27 


CYCLE TIME 
(MICRO SEC) 



2.5 

1.4 

2.6 

1.4 

m 

A/D CHANNELS 

^Erasable EPROM 

— 

2 

— 

— 

— 

— 

— 
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Single-chip 8-bit microcomputer fills 
gap between calculator types 
and powerful multichip processors 

Capabilities range from stand-alone computing to high-power data processing; 
ultraviolet light erases programable ROM of one version 


by Henry Blume, David Budde, Bill Morgan, Howard Raphael, Phil Salsbury, David Stamm, 

Intel Corp., Santa Clara, Calif. 


Reprinted from Electronics, November 25, 1976. Copyright McGraw-Hill Inc. 1976. All rights reserved. 

1-3 


99 


©Intel 1976 













INPUT/OUTPUT 



8355/8755 
READONLY 
MEMORY I/O 
2 Kx8 


I/O 


8155 

RANOQMACCESS 
MEMORY I/O 
256x8 


ADDRESS 

LATCH 


STANDARD ROM/ 
ERASABLE 
PROGRAMABLEROM 



•» 


8255 

PROGRAMABLE 

PERIPHERAL 

INTERFACE 


8251 

UNIVERSAL 

SYNCHRONOUS/ 

ASYNCHRONOUS 

RECEIVER/ 

TRANSMITTER 


8279 

KEYBOARD/DISPLAY 





I/O 




SERIAL 

OUTPUT 


SERIAL 

INPUT 


KEYBOARD 


1. Expandabl*. Although well able to run a stand-alone controller by itself, the new processor can also work with other family members for 
larger c' ntrol systems or with 8080 peripherals to handle complex data processing. This configuration typifies the MCS-48 capability. 


□ Putting an 8-bit microcomputer onto a single chip is 
achievement enough, but realizing performance nearly 
equal to multiple-chip devices gives a bonus of added 
flexibility for the new family. The two devices that are 
the heart of the family are really high-performance, 
single-chip microcomputers that All the gap between 4- 
bit calculator chips and the 8-bit multichip microproces¬ 
sors. They can be used for the lowest levels of control, or, 
by being expanded with other rom/ram members of 
their family or with standard 8080 peripheral memory 
chips, they can be used in a wide range of high-powered 
data-processing systems. 

The two versions of the microcomputer, the 8748 and 
the 8048, are like 4-bit calculator devices in that they 
each contain all the elements needed for stand-alone 
computing—central processing unit, program read-only 
memory, data random-access memory, input/output 
interface, plus clocks and timers. Yet they contain these 
elements in 8-bit configurations that vastly exceed the 
power of the calculator types and approach 8080 
power. 

Two ROM vortions 

The MCS-48 family is the first to offer a micropro¬ 
cessor with an erasable programable ROM, which will 
prove handy for low-volume applications and those in 
which periodic update of the program memory is 
required. The family also has a CPU-only chip, the 8035, 
which can be used with external memories. 

The 8748 has a 2708-type, 8,192-bit eprom with a 
program that can be changed by clearing with ultraviolet 
light and reprograming electrically in the usual way. The 


8048 has an 8-k mask-programable ROM. Together they 
give the user new flexibility: he can develop the program 
and build the prototypes with the reprogramable chip 
and switch to mask ROMs for volume production. 

The off-the-shelf 8748 also is perfect for quick- 
turnaround users who require small volumes only, since 
it can be programed to meet any system specification in 
any quantity—in contrast to some single-chip controllers 
requiring mask programing at the factory, which is often 
available only in large quantities. Equally important, the 
8748 can be used in control systems requiring periodic 
updating in the field, such as point-of-sale price-and- 
inventory controls. New program data can be fed into 
the system without a new rom. 

The free-standing operations of the 8048 and 8748 are 
made possible by the l,024-by-8-bit rom or eprom for 
program memory, a 64-by-9-bit ram for scratchpad 
functions, an 8-bit CPU consisting of an arithmetic/logic 
unit and accumulator for all the binary and decimal 
arithmetic functions, and an input/output facility that 
includes three 8-bit I/O ports plus three test/interrupt 
ports directly controlled by program instructions. 

Memory and input/output of the processors can be 
expanded to handle large control applications (Fig. 1). 
There's an inexpensive expander chip, 8243, which 
allows the processor chips to handle an additional 16 i/o 
lines. Also included in the family are combination 
memory and i/o expanders, such as a 2,048-by-8-bit 
ROM with 16 I/O lines (8355), a 2-k-by-8-bit eprom with 
16 I/O lines (8755), and a 256-by-8-bit ram with 22 i/o 
lines (8155). 

The MCS-48 components also work directly with all 
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2. StackMl. The 8748 or 8048 processor chip supplies all the functions needed for a stand-alone microcomputer. It has a CPU complete with 
arithmetic/logic unit and accumulator, a 256-bit RAM. an 8,192-bit program ROM. a timer/event counter, and plenty of I/O capability. 


the 8080 family of standard memory and peripheral 
parts, soon to number about 30 large-schle-integrated 
circuits. They include timers, programable i/o control¬ 
lers, universal synchronous/asynchronous re¬ 
ceiver/transmitters, decoders, and keyboard/display 
controllers. 

OiM-chip advantagM 

The integration of all the basic blocks of a microcom¬ 
puter system into one circuit brings about some architec¬ 
tural advantages. When the device is used as a stand¬ 
alone controller, it need interface only with its i/o 
peripherals. This means that the execution speed of the 
processing is limited only by the speed of the chip, 
because there is no slowdown from transferring data 
between memory and CPU, as in multiple-chip designs. 

Moreover, technological upgrades can give enhanced 
performance without waiting for similar upgrades of 
external components, as is usually the case with multi- 
chip families. More immediately, the inclusion of data 
and program memories, which otherwise would have to 
be added separately to the system, simplifies the user’s 
interface problems. 


Having an active data store on the chip—the quasi¬ 
static 64^by-8-bit ram— also simplifies system imple¬ 
mentation, since all scratchpad operations simply 
became part of the CPU function. There is no need for 
refresh qrcuits operate the ram; yet the device is 
dynamic in the sense that internal clocks are used for 
very fast, low-power Recess to the array. 

The major objective was access to a ram within a 



a. Simple, operating the 8748/8048 Is extremely straightforward, 
with each 2.5-^ cycle consisting of five states. Instruction inputs are 
made in state 1. decoding and program Incrententing in state 2. 
Program executions begin In state 3 and run through 4 and 5. 
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4. Powerful. The on-chip RAM. part of which is reserved for one or 
two banks of 8-bit working registers, also accommodates the stack 
of subroutine addresses, which can be eight levels deep. Each stack 
location can handle the program counter and status data. 

fraction of an instruction cycle, so that those indirect 
internal instructions that require multiple addresses 
could still be executed in one instruction cycle. (Indirect 
RAM instructions require three separate accesses: one to 
fetch the address of the memory location to be operated 
on, one to fetch the contents of the addressed location, 
and one to store the results of the operation.) Since the 
RAM is dynamic, its power dissipation, including all 
decoding and sense circuits, is a mere 15 milliwatts. 

Similarly, the eprom of the 8748 relies on internal 
clocks for better access and lower power consumption. In 
this case, however, only one access per instruction cycle 
is required, since there are no indirect instructions to be 
processed in program memory. 

Having the eprom on the chip allows for an easy 
method of verifying a program. To accomplish this, the 
8748 can be put into a special instruction cycle (called 
the third-state mode) for programing and verification of 
the EPROM. The CPU executes a special double-cycle 
instruction that allows the address and data information 
to be transferred to their respective registers during 


mw v-ru essentially luies, wniie all transfers are 
controlled by asynchronous inputs. 

Common architecture 

The block diagram of the 8748/8048 (Fig. 2) shows 
how the common internal 8-bil data bus connects the 
major circuit blocks (shaded in the figure) —the data 
store, the program memory, the cpu with its alu and 
accumulator, a timer/event counter, i/o structure, and 
control structure. To pack all the required computer 
elements onto a single chip, the cpu section has been 
designed with a minimum of logic redundancies. 

For example, to eliminate a multitude of register files 
scattered throughout the chip, the 8-level subroutine 
stack and the directly addressable registers are found in 
the same addressing space as the scratchpad memory. 
This allows the programer maximum use of the ram, yet 
gives minimum logic for the device. The programer can 
utilize unused areas of the subroutine stack or direct 
registers as common scratchpad memory, or he or she 
can modify the stack and flags under program control. 

Likewise, the pipeline organization of memory fetches 
permits placement of the program counter (pc) with the 
internal timer/counter circuit block rather than in the 
RAM array. Both elements share the source incrementer, 
resulting in more efficient use of on-chip hardware. 

In addition to executing the required functions of add. 
XOR. AND, and or. the alu also performs the bit- 
comparison operations necessary for conditional jump 
and test facilities. Through the use of a control-table 
ROM (which holds constant 8-bit values), and a zero- 
detect circuit on the alu output, any bit in the accumu¬ 
lator can be examined and the program flow modified. 

This setup is also used to test for any one of the many 
conditional jumps. Each of the conditional-jump flags 
and inputs is sent to the alu as an 8-bit conditional word 
and tested with the same circuitry used to examine 
individual accumulator bits. 

An internal oscillator also gives many system and 
device savings, such as the elimination of external 
components (except for a crystal or an RC network for 
setting the system’s operating frequency). It also gives 
the chip designer maximum freedom in the structure of 
the internal clocking scheme, because there is no need 
for high-level, accurate clock inputs. 

Through efficient use of internal bus transfers, most 
instructions can be executed in a single-cycle length. The 
exceptions are those instructions which require a second 
memory fetch or an external i/o transfer. In these cases, 
only a second cycle is required. Moreover, limiting 
instructions to two lengths reduces the complexity of the 
internal state generator. Since 70% of all instructions are 
executed in a single cycle, program-execution times and 
program-storage size are still minimized. 

The multiplexed bus for address and data during 
external memory references maximizes the number of 
I/O pins available on a cost-effective 40-pin dual in-line 
package. For external program-memory references, bits 
of an additional i/o port are used for address lines, with 
the input/output data being restored after the memory 
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5. Latching on. Adding standard memories to the system is quickly dorte with external latch 8212. which allows standard memory parts to be 
hooked directly onto the 8748/8046 bus. Operation of the latch is under the control of signals from the processor. 



8. Mixing H up. Besides the main system port. 0. the processor chip has two others. 1 and 2. which allow inputs and outputs to be mixed on 
the same port. Here, writing a 0 causes the pull-down devices to sink the TIL load; writing a 1 calls on the 50-kilohm pull-up resistor. 


reference is finished with the address. both transistor-transistor>logic and complementary me- 

One key to the simple operation of the 8748/8048 chip tal-oxide*semiconductor devices. Instruction cycle time 
is the straightforward program sequences and timing is a modest 2.5 microseconds and power consumption is a 
needed for executing an instruction cycle (Fig. 3). Each low 400 mW. Depletion-load techniques also pay off in 
cycle consists of five states. Instruction input is made in practical chip sizes for volume production; the 8048 also 
state 1, and decoding and pc incrementing is made in is slightly over 200 mils on a side, while the 8748, with 
state 2. State 3 starts the beginning of the program its big 8-k eprom, is 221 by 261 mils, 
execution, which can run through states 4 and 5. Simul- Storing data in the scratchpad is simple, because part 
taneously, the next cycle’s program address is made in of the ram can be reserved for one or two banks of 8-bit 
state 3, a pipelining (paralleling) of operations that working registers—eight registers per bank (Fig. 4). The 
increases device throughput significantly. scratchpad also contains the subroutine address stack. 

Because the chip is built with depletion-load silicon- which can be eight levels deep. Each location can 
gate n-channel technology, it operates off a single 5-voIt accommodate the 12-bit pc and 4-bit status data, 
supply with inputs and outputs that are compatible with Since all locations in the stack are indirectly address- 
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7. Going it olono. This one-chip scale controller is made possible by the extensive I/O capability of the 8748 processor, which can 
accommodate a 24-key keyboard and all the Interfacing needed to control 14 seven-segment LED arrays. Including a decimal point. 


able, the second register bank and any portion of the 
stack may be used for data memory as well. This gives 
the user an option of having the data memory be 32 by 8 
bits if all the stack and both register banks are used for 
program counting and status data, or 56 by 8 bits if only 
one register bank is used. 

Program mamory 

The resident program memories on the 8048/8748 
chips are handled so that they can be operated alone for 
programs of 1,024 bytes or less or combined with 
external ROM for expanded systems requiring larger 
programs. The program counter that feeds the memory 
is split into two parts. The low-order 8 bits can either 
address the resident 1-k ROM or be routed externally 
when addressing beyond 1,024 bits. (Since the 8035 
contains no internal rom, all address fetches are exter¬ 
nal.) The upper 4 bits of the program counter, located 
near port 2 (see Fig. 2), are gated out on that port for 
external reference. Two of these most significant 4 bits 
are then used for internal addressing requirements. 


There are two ways to expand program memory of the 
MCS-48 family. The special parts such as the 8755 2-k- 
by-8 EPROM or 8355 2-k-by-8 ROM may be used. Besides 
I/O lines, they also contain appropriate buffers to demul¬ 
tiplex the 8-bit bus from the microcomputer chips to 
receive address and send back program-memory instruc¬ 
tions. Alternately, standard memory parts, such as a 
2708 EPROM or 8308 ROM may be used (Fig. 5). An 
external latch, such as the 8212, would latch up the 
address from the bus (via a signal from the 8048 or 
8748) so that data could be returned on the bus. The 
high-order 4 bits of the address do not have to be 
latched, since they are not on the multiplexed bus. 

The ALU, in conjunction with the accumulator, 
provides a full array of binary-and-decimal arithmetic, 
logic, shift, and increment/decrement functions. For 
example, the accumulator may be exchanged between 
registers, data memory, and program memory. Both the 
timer/counter and the program-status word are also 
accessible to the accumulator, through a latch that 
facilitates the accumulator source/destination instruc- 
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8. Working togothor. Proof of the MSC>48's ability to handle large systems is this gas-pump controller. The 8243 I/O expander chips allow 
the processor to interface with 47 lines and a USART communicating with a central control unit inside the service station. 


tions. Here, the alu generates a carry output fully 
accessible to the programer under program control. 

The timer/event counter is an 8-bit register that can 
operate in one of two modes, selectable under software 
control. As a timer, the device measures elapsed time. It 
is fed by the crystal frequency, divided by 280. At 
maximum frequency, the result is about 80 /is per 
increment, or about 20 milliseconds over the counter 
range. As an event counter, a test line is designated to 
count 0 to 1 transitions of external events. As many as 
256 transitions may be accommodated. 

Both the timer and the counter indicate overflow by a 
maskable internal interrupt or by a testable flag bit. The 
internal interrupt may also be used to provide the system 
with a second external interrupt. 

The input/output facilities of the 8048/8748 have 
been designed for maximum flexibility and expansion 
and are fully TTL-compatible. The basic facilities consist 
of three 8-bit i/o ports plus three test/interrupt inputs. 

Port 0, called the bus, provides for system expansion. 
In essence, the port makes the bus completely compat¬ 
ible with an 8080 bus, so that all 8080 peripherals can be 
used with the MCS-48 family. In conjunction with four 
control and strobe lines, the port may be used for 
bidirectional interfacing to memories and i/o elements. 
For free-standing operations, it may be statically latched 


or used as a general input port. 

The remaining two I/O ports, 1 and 2, are termed 
*'quasi-bidirectionar' (Fig. 6). They allow inputs and 
outputs to be mixed on the same port. When writing a 0 
(low value) to these ports, the pull-down device sinks the 
TTL load. When writing a 1, a large current is supplied 
through both pull-up devices to allow a fast transition. 
After a short time, they shut off and the pull-up of the 
50-kilohm resistor sustains the 1 level. 

Applying thm 8748/8048 

Two applications show the range of complexity that 
can be accommodated with this family. Figure 7 shows 
a typical minimum-chip MCS-48 system, in this case, 
a drum printer controller. The three output ports allow 
the one-chip 8048 to control the printer position, ribbon 
shift, and line feed. Two interface drivers operate the 
solenoids. 

Figure 8 shows a far more complex system, in which 
the MCS-48 implements a low-cost point-of-sale termi¬ 
nal. The i/o capability of the 8748/8048 chip can be 
expanded to control and monitor many cash-register 
operations. These might include cash in die drawer, key 
switch, totals, audio indicator, as well as matrix printer, 
cash-register keyboard, seven-segment display, and a 
variety of optional equipment. □ 


Etoctronics/November 25. 1976 


1-9 









intel 


APPLICATION 

NOTE 


AP-24 


August 1977 



©Intel Corporation, 1977 


2-1 




Application Techniques contents _ 

for the MCS-48'^ Family Introduction .2-3 

The MCS-48™ Family .2-3 

Analog I/O.2-5 

Table Lookup Techniques .2-9 

Receiving Serial Codes— 

Basic Approaches.2-10 

Receiving Serial Code— 

A More Sophisticated Algorithm .2-14 

Transmitting Serial Code 2-24 

Generating Parity.2-24 

Conclusion .2-25 


2-2 













INTRODUCTION 

The INTEL® MCS-48''’'^ family consists of a series 
of seven parts, including three processors, which take 
advantage of the latest advances in silicon techno¬ 
logy to provide the system designer with an effec¬ 
tive solution to a wide variety of design problems. 
The significant contribution of the MCS-48 family 
is that instead of consisting of integrated micro¬ 
computer components it consists of integrated 
microcomputer systems. A single integrated circuit 
contains the processor, RAM, ROM (or PROM), a 
timer, and I/O. 

This application note suggests a variety of applica¬ 
tion techniques which are useful with the MCS-48. 
Rather than presenting the design of a complete 
system it describes the implementation of “sub¬ 
systems” which are common to many micropro¬ 


cessor based systems. The subsystems described are 
analog input and output, the use of tables for 
function evaluation, receiving serial code, transmit¬ 
ting serial code, and parity generation. After an 
overview of the MCS-48 family these areas are dis¬ 
cussed in a more or less independent manner. 

THEMCS^S^*^ FAMILY 

The processors in the MCS-48 family all share an 
identical architecture. The only significant differ¬ 
ence is the type of on board program storage which 
is provided. The 8748 (see Figure 1) includes 1024 
bytes of erasable, programmable, ROM (EPROM), 
the 8048 replaces the EPROM with an equivalent 
amount of mask programmed ROM, and the 8035 
provides the CPU function with no on board 
program storage. All three of these processors 



Internal Structure 





















Branch Registers Input/Output Accumulator 


INSTRUCTION SET 


Mnemonic 

Description 

Bytes 

Cycle 

ADD A,R 

Add register to A 

1 

1 

ADD A,@R 

Add data memory to A 

1 

1 

ADD A, #data 

Add immediate to A 

2 

2 

ADDC A. R 

Add register with carry 

1 

1 

ADDC A.@R 

Add data memory with carry 

1 

1 

ADDC A, #data 

Add immediate with carry 

2 

2 

ANL A. R 

And register to A 

1 

1 

ANL A. @R 

And data memory to A 

1 

1 

ANL A, ;^ata 

And immediate to A 

2 

2 

ORL A, R 

Or register to A 

1 

1 

ORL A, @R 

Or data memory to A 

1 

1 

ORL A, #data 

Or immediate to A 

2 

2 

XRL A, R 

Exclusive Or register to A 

1 

1 

XRL A. @R 

Exclusive or data memory to A 

1 

1 

XRL A, irdata 

Exclusive or immediate to A 

2 

2 

INC A 

Increment A 

1 

1 

DEC A 

Decrement A 

1 

1 

CLR A 

Clear A 

1 

1 

CPL A 

Complement A 

1 

1 

DA A 

Decimal Adjust A 

1 

1 

SWAP A 

Swap nibbles of A 

1 

1 

RL A 

Rotate A left 

1 

1 

RLC A 

Rotate A left through carry 

1 

1 

RR A 

Rotate A right 

1 

1 

RRC A 

Rotate A right through carry 

1 

1 

IN A. P 

Input port to A 

1 

2 

OUTL P, A 

Output A to port 

1 

2 

ANL P, #data 

And immediate to port 

2 

2 

; ORL P, #data 

Or immediate to port 

2 

2 

i- INS A, BUS 

input BUS to A 

1 

2 

) OUTL BUS. A 

Output A to BUS 

1 

2 

i ANL BUS, #data 

And immediate to BUS 

2 

2 

1” ORLBUS, ^data 

Or immediate to BUS 

2 

2 

MOVD A, P 

Input Expander port to A 

1 

2 

MOVD P. A 

Output A to Expander port 

1 

2 

ANLD P, A 

And A to Expander port 

1 

2 

ORLD P, A 

Or A to Expander port 

1 

2 

i INC R 

Increment register 

1 

1 

[ INC@R 

Increment data memory 

1 

1 

1 DEC R 

Decrement register 

1 

1 

JMP addr 

Jump unconditional 

2 

2 

JMPP @A 

Jump indirect 

1 

2 

DJNZ R.addr 

Decrement register and skip 

2 

2 

JC addr 

Jump on Carry = 1 

2 

2 

JNC addr 

Jump on Carry = 0 

2 

2 

J Z addr 

Jump on A Zero 

2 

2 

JNZ addr 

Jump on A not Zero 

2 

2 

JTO addr 

Jump on TO = 1 

2 


JNTO addr 

Jump on TO = 0 

2 


* JT1 addr 

Jump on T1 = 1 

2 


JNT1 addr 

Jump on T1 =0 

2 


JFO addr 

Jump on FO = 1 

2 


JF1 addr 

Jump on FI = 1 

2 


JTF addr 

Jump on timer flag 

2 


JNIaddr 

Jump on INT = 0 

2 


JBb addr 

Jump on Accumulator Bit 

2 



Mnemonic Description 


Bytes Cycles 


o 

c 

CALL 

Jump to subroutine 

2 

2 

§ 

RET 

Return 

1 

2 

w 

RETR 

Return and restore status 

1 

2 


CLR C 

Clear Carry 

1 

1 


CPLC 

Complement Carry 

1 

1 

1 

CLR FO 

Clear Flag 0 

1 

1 

u. 

CPL FO 

Complement Flag 0 

1 

1 


CLR FI 

Clear Flag 1 

1 

1 


CPL FI 

Complement Flag 1 

1 

1 


MOV A, R 

Move register to A 

1 

1 


MOV A, @R 

Move data memory to A 

1 

1 


MOV A, #data 

Move immediate to A 

2 

2 


MOV R, A 

Move A to register 

1 

1 

i 

MOV @R, A 

Move A to data memory 

1 

1 

MOV R. ^ata 

Move immediate to register 

2 

2 

o 

S 

MOV @R, #data 

Move immediate to data memory 

2 

2 

n 

MOV A, PSW 

Move PSW to A 

1 

1 

<5 

Q 

MOV PSW. A 

Move A to PSW 

1 

1 


XCH A. R 

Exchange A and register 

1 

1 


XCH A,@R 

Exchange A and data memory 

1 

1 


XCHD A.@R 

Exchange nibble of A and register 

1 

1 


MOVX A.@R 

Move external data memory to A 

1 

2 


MOVX @R, A 

Move A to external data memory 

1 

2 


MOVP A.@A 

Move to A from current page 

1 

2 


MOVP3 A.@A 

Move to A from Page 3 

1 

2 


o 

MOV A.T 

Read Timer/Counter 

c 

MOV T, A 

Load Timer/Counter 

a 

o 

STRTT 

Start Timer 

u 

STRTCNT 

Start Counter 

a 

E 

STOP TCNT 

Stop Timer/Counter 

H 

EN TCNTI 
DISTCNTI 

Enable Timer/Counter Interrupt 
Disable Timer/Counter Interrupt 


EN I Enable external interrupt 1 

DIS I Disable external interrupt 1 

"o SEL RBO Select register bank 0 1 

c SEL RBI Select register bank 1 1 

O SEL MBO Select memory bank 0 1 

SEL MB1 Select memory bank 1 1 

ENTO CLK Enable Clock output on TO 1 


1 

1 

1 

1 

1 

1 

1 


NOP No Operation 


1 
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Figure 2, 8048/8748/8035 Instruction Set 
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[ ] Number of Available Timers 
() Number of Available I/O Lines 


operate from a single 5-volt power supply. The 
8748 requires an additional 25-volt supply only 
while the on board EPROM is being programmed. 
When installed in a system only the 5-volt supply is 
needed. Aside from program storage, these chips 
include 64 bytes of data storage (RAM), an eight 
bit timer which can also be used to count external 
events, 27 programmable I/O pins and the processor 
itself. The processor offers a wide range of instruc¬ 
tion capability including many designed for bit, 
nibble, and byte manipulation. The instruction set 
is summarized in Figure 2. 

Aside from the processors, the MCS-48 family 
includes 4 devices: one pure I/O device and 3 com¬ 
bination memory and I/O devices. The pure I/O 
device is the 8243, a device which is connected to a 
special 4 bit bus provided by the MCS-48 processors 
and which provides 16 I/O pins which can be pro¬ 
grammatically controlled. 

The combination memory and I/O devices consist 
of the 8355, the 8755, and the 8155. The 8355 
and the 8755 both provide 2,048 bytes of program 
storage and two eight bit data ports. The only 
difference between these devices is that the 8355 
contains masked program ROM and the 8755 con¬ 
tains EPROM. The 8155 combines 256 bytes of 
data storage (RAM), two eight bit data ports, a six 
bit control port, and a 14 bit programmable timer. 

Figure 3 shows the various system configurations 
which can be achieved using the MCS-48 family of 
parts. It should also be noted that eight of the pro¬ 
cessors’ I/O lines have been configured as a bidirec¬ 
tional bus which can be used to interface to stan¬ 
dard Intel peripheral parts such as the 8251 USART 
(for serial I/O), the 8255A PPI (provides 24 I/O 
lines) and the complete range of memory compo¬ 
nents. 

More detailed information concerning the MCS-48 
family can be obtained from the “MCS-48 Micro¬ 
computer User’s Manual” which provides a com¬ 
plete description of the MCS-48 family and its 
members. A general familiarity with this document 
will make the application techniques which follow 
easier to understand. 

ANALOG I/O 

If analog I/O is required for a MCS-48^'^ system 
there are many alternatives available from the 
makers of analog I/O modules. By searching through 
their catalogs it is possible to find almost any combi¬ 
nation of features which is technically feasible. Per¬ 
haps the best example of such modules are the MP- 
10 and MP-20 hybrid modules recently introduced 
by Burr-Brown Research Corporation. The MP-10 
provides two analog outputs and the MP-20 pro¬ 
vides 16 analog inputs. Both of these units were 
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Figure 3. The Expanded MCS-48 tm System 


specifically designed to interface with micro¬ 
processors. 

A block diagram of the MP-10 is shown in Figure 4. 
It consists of two eight bit digital to analog conver¬ 
ters, two eight bit latches which are loaded from 
the data bus, and address decoding logic to deter¬ 
mine when the latches should be loaded. The D/A 
converters each generate an analog output in the 
range of 10 volts with an output impedance of 1 J 2 . 
Accuracy is ±0.4% of full scale and the output is 
stable 25^isec after the eight bit binary data is 
loaded into the appropriate latch. The latches are 
loaded by the write pulse (WR) whenever the 
proper address is presented to the MP-10. The 
lower two addresses (Aq and Ai) are used inter¬ 
nally by the device. Addresses A 2 & A 3 are com¬ 
pared with the address determination inputs B 2 
and B 3 . If their signals are found to be equal, and 
if addresses A 4 -A 13 are all high, then the device 
is selected and one of the latches will be loaded. 
Address bit Ai selects between output 1 and out¬ 
put 2 . If address bit Aq is set then the initializa¬ 
tion channel of the DIA is selected. In order to 
prepare for operation a data pattern of 80 h must 
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Figure 4. MP-10 Block Diagram 


be output to this channel following the reset of the 
device. 

A block diagram of the MP-20 analog to digital 
converter is shown in figure 5. This unit consists 
of a 16 input analog multiplexer, an instrumenta¬ 
tion amplifier, an eight bit successive approxima¬ 
tion analog to digital converter, and control logic. 
The 16 input multiplexer can be used to input 
either 16 single ended or 8 differential inputs. 
The output from the multiplexer is fed into the 
instrumentation amplifier which is configured so 
that it can easily be strapped for single ended 0-5 
volt inputs, single ended ±5 volt inputs, or differen¬ 
tial 0-5 volt signals. Provisions are made for an 
external gain control resistor on the amplifier. The 
gain control equation is: 

r- - o 4. 

G = 2 + -p—7 
t^ext 


With no Rext (Rext “ the gain is two and the 
input is 0-5 or ±5 volts full scale. Adding an exter¬ 
nal resistor results in higher gain so that low level 
(±50mV) signals from thermocouples and strain 
gauges can be accommodated. The output from 
the amplifier is applied to the actual A/D con¬ 
verter which provides an eight bit output with 
guaranteed monotonicity and an accuracy of ±0.4% 
of full scale. Note that this accuracy is specified 
for the entire module, not just for the converter 
itself. The control logic monitors address lines 
Ai 5 through A 4 to determine when the address of 
the unit has been selected. An address that the unit 
will respond tojs determined by 11 address control 
pins, labeled A 4 through A 14 . If one of these pins 
is tied to a logic 0 then the corresponding address 
pin must be high in order for the unit to be selected. 
If the pin is tied to a logic 1 then the corresponding 
address pin must be low. If the address of the 
module is selected when MEMR pulse occurs, the 
lower four addresses (A 3 -A 0 ) are stored in a latch 
which addresses the multip lexer. T he coincidence 
of the proper address and MEMR also initiates a 
conversion and gates the output of the converter 
on to the eight bit data bus. 

The control logic of the MP-20 was designed to 
operate directly with an MCS-80^'^ system. When a 
MEMR occurs and a conversion is initiated the MP- 
20 generates a READY signal which is used to 
extend the cycle of the 8080A for the duration of 
the conversion. READY is brought high after the 
conversion is complete which allows the 8080A 
to initiate a conversion and read the resulting data 
in a single, albeit long, memory or I/O cycle. The 
conversion time of the MP-20 depends on the gain 
selected for the amplifier. With no external resistor 
(R = 00 ) the gain is two and the conversion time is 
35 //sec. For R = 510^2 the gain is: 


EXTERNAL 



Figure 5. MP-20 Analog Subsystem 


^ . 50kf2 


100 


and the conversion time becomes lOO/isec. These 
settling times are specified in the MP-20 data sheet 
and range from 35 to 175 microseconds. The 
READY timing is controlled by an external capa¬ 
citor. For a gain of 2 no external capacitor is 
required but if higher gains are selected a capacitor 
is needed to extend the timing. 

A schematic showing both the MP-10 D/A and the 
MP-20 A/D connected to the 8748 is shown in 
Figure 6 . This configuration, which consists of 
only four major components, gives an excellent 
example of what modem technology can do for 
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the system designer. The four components provide: 

a. An eight bit microprocessor 

b. 64 bytes of RAM 

c. 1024 bytes of UV erasable PROM 

d. A timer/event counter 

e. 16 digital I/O pins 

f. 2 testable input pins 

g. An interrupt capability 

h. 16 eight bit analog inputs 

i. 2 eight bit analog outputs 

The MCS-48 communicates with the D/A and A/D 
converters in a memory mapped mode (i.e., it treats 
the devices as if they were external RAM). By set¬ 
ting an address in either Rq or R i and then execut¬ 
ing a MOVX the software can transfer data between 
the accumulator and the analog I/O. When the 
MCS-48 executes the MOVX instruction it first 
sends the eight bit address out on the bus and 
strobes it into the 8212 latch with the ALE (Address 
Latch Enable) signal. After the address is latched, 
the MCS-48 uses the same bus to transfer data to 
or from the accumulator. If data is being sent out 
(MOVX 3Rj, A) the WR strobe is used; if the data 
is being moved into the accumulator (MOVX A, 
3Rj ) the RD strobe is used. The one shots on the 
WR line are used to delay the write strobe of the 
MCS-48 to meet the data set up specifications of 
theMP-10. 

In order to provide reset capability for the analog 
devices without dedicating an I/O pin from the 
MCS-48, special addresses are used as reset channels. 
Executing any MOVX with an address of OXXXXXXX 
will reset the A/D module; a similar operation with 
an address of XIXXXXXX will reset the D/A; a 
MOVX with an address of OIXXXXXX will reset 
both devices. All data transfers are accomplished 
with the upper two bits of the address field equal 
to 10. A summary of the addressing of the analog 
devices is shown in Table 1. Notice that except for 
an initialization channel for the D/A (which must 

Table 1. Analog Interface Addresses 


INPUT OR OUTPUT 


oxxx 

xxxx 

Reset A/D 

X 1 X X 

X X X X 

Reset D/A 

INPUT 

0 011 

n n n n 

Read A/D Channel n n n n 

OUTPUT 

10 11 

000 1 

Initialize D/A 

10 11 

0000 

Write Channel 1 

10 11 

00 10 

Write Channel 2 


be written to following a reset to initialize its 
internal logic) all channels involve some form of 
data transfer. 

As was mentioned previously, the MP-20 was 
designed to use the READY line of the 8080A. 
Obviously this presents a problem since the MCS- 
48 does not support a READY line (with its 
attendant requirement of entering WAIT state). 
The necessity of a READY input can be overcome 
by performing a read operation to set the channel 
address, waiting the required delay (35 /isec for a 
gain of two) and then performing a second read to 
actually obtain the data. The second read will read 
in the data from the channel selected by the first 
read irrespective of the channel selected for the 
second read. Thus it is possible to use the second 
read to set up the channel for the third read. Each 
read can read in the current channel and select the 
next channel for conversion. 

The MP-20 is shown in Figure 6 strapped to input 
16 single ended ±5 volts signals. Programs which 
were used to test this configuration are shown in 
Figure 7. The first of these programs uses the D/A 
converter to generate sawtooth waveforms by 
outputting an incrementing value to the D/A 
converters. The second program scans the analog 
inputs and stores their digital values in a table 
located in RAM. 



All mnemonics copyrighted © Intel Corporation 1976. 
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Figure 7b. A/D Exercise Program 

TABLE LOOKUP TECHNIQUES 

In the previous section the interface between analog 
I/O devices and the MCS-48^'^ was discussed. In 
many applications involving analog I/O one quickly 
finds that nature is inherently nonlinear, and the 
mathematics involved in ‘linearizing it’ can tax the 
computational power of the microprocessor, partic¬ 
ularly if it has other tasks to perform. Problems 
of this nature are good candidates for the use of 
tables. 

As an example of how tables can be used as part of 
an analog output scheme, consider a system which 
requires an MCS-48 to output a variable frequency 
sinusoidal waveform. One method of performing 
this function would be to use the timer to generate 
an interrupt at a fixed rate of 256 times the desired 
output frequency. At each interrupt the appropriate 
value of the sine function could be calculated from 
the MacLaurin series: 

c- _2^ + 2^ ll (-1)^ X 
Smx-x 3 ! + 5 ! - 71 ••• (2K+1)! 

Where K is chosen to be large enough to provide 
the required accuracy. 

Ail mnemonics copyrighted © Intel Corporation 1976. 


The above calculation, although conceptually 
simple, would be time consuming and would 
severely limit the possible output frequencies which 
could be obtained. As an alternative to calculating 
these values in real time, the values could be precal¬ 
culated off line and stored in a table. Upon each 
interrupt the MCS-48 would merely have to retrieve 
the appropriate value from the table and output 
it to the D/A converter, the MCS-48 provides a 
special instruction which can be used to access 
data in a table. If the table is stored in the last 256 
bytes of the first kilobyte of MCS-48 memory 
then the table lookup can be performed by loading 
the independent variable (time in this case) into 
the accumulator and executing the instruction. 

MOVP3 A, @ A 

This instruction uses the initial contents of the 
accumulator to index into page 3 of program 
storage. The location pointed to is read and the 
contents placed in the accumulator. If (as is often 
the case) a table of fewer than 256 entries is 
required, then the table can be located in any page 
of program memory and the instruction : 

MOW A, @ A 

can be used to retrieve data from the table. This 
instruction operates in the same manner as does 
the previous instruction except that the current 
page of program storage is assumed to contain 
the table. 

If it is possible to devote slightly more of the 
microprocessor’s time to the table look up process, 
then a much smaller table can often be utilized by 
taking advantage of interpolation to determine 
values of the function between values which are 
actual entries in the table. As an example of this 



Figure 8. Flow Monitoring System 
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process consider the hypothetical system shown in 
Figure 8. The purpose of this system is to measure 
the flow through the three pipes, add them, and 
display the total flow on the control panel. The 
system consists of three flow meters which generate 
a differential voltage which is some function of 
flow, an A/D system with at least three differential 
inputs, an MCS-48, and a control panel. The 
schematic shoym in Figure 6 could easily become 
part of this system, with the spare digital I/O of 
the MCS-48 used as an interface to the control 
panel. The simplicity of this system is clouded by 
the flow transducers, which are assumed to be not 
only nonlinear but also to require individual cali¬ 
bration (this is not an unreasonable assumption for 
a flow transducer). By using a table look up process 
and an 8748 the flow transducers can be calibrated 
and the results of the calibration tests stored 
directly in tables in the 8748. (The 8748 has a 
PROM in place of the ROM of the 8048 and thus 
makes such ‘one off programming practical.) 

The results which might be obtained from calibra¬ 
ting one of the flow meters is shown in Figure 9. 
The results are plotted as gals/hour versus the 
measured voltage generated by the transducer. The 
voltage is shown in hexadecimal form so that it 
corresponds directly to the digital output of the 
analog to digital converter. The flow required to 
generate seventeen evenly spaced voltages (OH-1 OOH 
in steps of lOH) has been measured and plotted. 
This information is shown in tabular form in 
Figure 10. It is necessary to generate a program 
which will convert any measured input from OOH 
to FFH into the flow in units which can be inter¬ 
preted by a human operator. This can easily be 
done by simple interpolation. 



Figure 9. Flow Calibration Curve 


TRANSDUCER 
VOLTAGE (HEX! 


MEASURED FLOW 
(GAL/HOUR) 


Figure 10. Tabulated Flow Data 


The eight bits of independent variable (voltage) can 
be looked on as two four bit fields. The most signi¬ 
ficant four bits (7-4) will be used to retrieve one of 
the table values. The lower four bits (3-0) will be 
used to interpolate between this value and the 
value retrieved from the next higher location in the 
table. If the upper four bits are given the symbol I 
and the lower four bits the symbol N, then the 
interpolation can be expressed as: 

F(x) = F(I) + ^ [Fd+D- F(I)] 

Where x is the measured voltage and F(x) is the 
corresponding flow. 

If, as an example, the transducer voltage was 
measured as 48H then the flow (ref. Figure 10) 
would be: 

F = 30 + ^ (34-30) = 32 

A subroutine which implements this calculation is 
shown in Figure 11. Before it is called the indepen¬ 
dent variable (V) is placed in the accumulator and 
register R1 is set to point at the first value in the 
table. Aside from simple additions and subtractions 
the only arithmetic required is to multiply two 
values and then divide them by 16. The multiplica¬ 
tion is handled via a subroutine which is also 
shown in Figure 11. The division by 16 can be per¬ 
formed by a four place right shift followed by a 
rounding operation. The routine shown will handle 
a monotonic increasing function of a single inde¬ 
pendent variable. Fairly simple modifications are 
required for nonmonotonic functions. Functions 
of two variables can be handled by interpolating on 
a plane rather than along a strai^t line. Although 
this is more time consuming, requiring an inter¬ 
polation for each of the independent variables and 
a third to interpolate the final answer, it still 
provides a simple means of quickly calculating the 
required function. The use of tables can offer a 
powerful technique for function evaluation to the 
designer. 

RECEIVING SERIAL CODE-BASIC 
APPROACHES 

Many microprocessor based systems require some 
form of serial communication. Serial communica¬ 
tion is extensively used because it allows two or 
more pieces of equipment to exchange information 
with a minimal number of interconnecting wires. 
The minimization of interconnecting wires results 
in simpler, cheaper, interconnects because fewer 
(or smaller) cables and connectors are required. 
Since the required number of drivers and receivers 
required is reduced, it can become economically 
feasible to provide much higher noise immunity 
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with more sophisticated (and expensive) line 
terminators. The final, and usually most persua¬ 
sive, argument in favor of serial communication 
is that it may be the only method available to 
accomplish the job. The obvious example of 
this is telecommunications where it is necessary 
to encode parallel information into serial format 
in order to communicate via the telephone net¬ 
work. The intent of this section is to show how 
the facilities of the MCS-48‘^'^ can be brought to 
bear on the problem of serial communication. 



Figure 12. Serial ASCII Code 


Probably the most common form of serial com¬ 
munication is that used by the obiquitous Teletype- 
serial ASCII. This format, shown in Figure 12, con¬ 
sists of a START bit (0 or SPACE) followed by 
eight data bits which are in turn followed by two 
STOP bits (1 or MARK). In actual practice the 

All mnemonics copyrighted © Intel Corporation 1976. 


eighth data bit usually consists of even parity on 
the remaining seven data bits; for the purposes of 
this discussion the eighth bit will be considered 
only as data. A minor variation of this format 
deletes one of the STOP bits. An algorithm which 
might be used to sample serial data under software 
control using a microprocessor is shown in Figure 
13. Thj basic intent of this algorithm is to mini¬ 
mize the effects of distortion and transmission rate 
variations on the reliability of the communication 
by sampling each data bit as close to its center as 
possible. Upon entry to this routine the software 
first samples the incoming data in a tight loop until 
it is sensed as a MARK (logical one). As soon as a 
MARK is detected, a second loop is entered during 
which the software waits until the received data 
goes to a SPACE (logical zero). The purpose of this 
construction is to detect as accurately as possible 
the leading edge of the START bit. This instant of 
time will be used as a reference point for sampling 
all of the following bits in the character. After 
sensing the leading edge of the START bit a wait 
of one half the expected bit time is implemented. 
The period of the incoming signal is called P for 
convenience. At the end of this wait the serial line 
is tested-if it is MARK then the START bit was 
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Figure 13. Sample Serial Input Routine 


invalid and the process is reinitialized. If the line is 
still a SPACE, then the START bit is assumed to 
be valid and a delay of one bit time is started. At 
the completion of the delay the first data bit is 
sampled and a new delay of one bit time is initiated. 
This process is repeated until all eight data bits 
have been sampled. The last bit sampled is checked 
to determine if it is a valid STOP bit (a MARK). If 
it is, the character is assumed to be valid; if it is 
not, the character has a framing error and is pro¬ 
bably invalid. A listing of a program which imple¬ 
ments the above procedure is shown in Figure 14. 

A disadvantage of the approach outlined in Figure 
13 is that while the processor is inputting data 
serially it must totally dedicate itself to this task. 
Accurate timing can only be maintained if the 
program remains in a tight wait loop without 
allowing itself to be diverted to other functions. 
During reception of a character from a Teletype 


the processor will spend only a 1 OOjLtsecs or so pro¬ 
cessing data and the rest of the 100 millisecs wait¬ 
ing to do the processing at the right time. This lack 
of efficiency (approximately 0.1%) in the utilization 
of processing power is why devices such as the 
8251 USART find broad application in micro¬ 
processor systems. 


LDC DBJ SEQ SOURCE STATEt«NT 


» 


SIMPLE SERIAL INPUT 
-THIS CODE ASSUMES RXD IS 
CONNECTED TO PIN T9 


EQUATES 


9912 

9998 

9992 

99A4 

9199 

9199 2899 
9192 3692 
919^ 341C 
9196 3699 

9198 BA99 

919A 341C 
919C 341C 


919E EA15 
9119 97 
9111 3614 

9113 A7 

9114 83 

9115 97 

9116 2619 

9118 A7 

9119 67 

911A 249A 


911C BC92 

91 IE BBA4 
9129 EB29 
9122 EC1E 
9124 83 


12 COUNT EOU 

13 BITND EQU 

14 DLYHI EOU 

15 DLYLO EQU 

16 

17 ORG 

18 

19 SERIN: JNT9 


MBIT 
SERIN 
COUNT, 


COUNTER 

NO or BITS TO RECEIVE 
HI DLY COUNT 
LO DLY COUNT 


: LOOP UNTIL RXD-MARK 

NOW LOOP UNTIL RXD-SPACE 

; WAIT 1/2 BIT TIME 

: IE FALSE START REINTIALIZE 

: ELSE SET BIT COUNT 
»BITN0*1 

; WAIT 1 BIT TIME 


38 EXIT: RET 


; DECREMENT COUNT 
-IE ZERO EXIT WITH CARRY SET ON 
-FRAMING ERROR 
r.LOAD 


DELAY ONE HALF BIT TIME 


52 MBIT: MOV 

53 

54 HLOOP: MOV 

55 DJNZ 

56 DJNZ 

57 RET 

58 

59 END 


; SET UP LOOP 
R4.#DLYHI 

: LOOP UNTIL TIME DONE 
R3.«DLYLO 
R3,S 
R4,HLOOP 

; END OF PROGRAM 


Figure 14. Simple Serial Input 


The 8251 USART is simple to interface to the 
MSC-48. Figure 15 shows such an interface. The 
USART requires a high speed clock (CLK), an ini- 
tilization signal (RFSFT), data clocks (TxC and 
RxC), and data in order to operate. A circuit 
showing the connection of an 8748 to an 8251 
USART is shown in Figure 15. In the circuit shown 
the high speed clock (which is used for internal 
sequencing by the USART) is provided by con- 
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5.9904 MHz 



Figure 15. to 8251 Interface 


necting the CLK signal of the US ART to the Tq 
pin of the MCS-48. The To pin of the MCS-48 
can either be used as a directly testable input pin 
or it can become, under program control, an out¬ 
put pin which oscillates at one third of the crystal 
frequency. (Note that once this pin is designated 
by the software to be an output it will remain so 
until the system is reset.) In Figure 15 the crystal 
frequency is 5.9904 MHz so the clock provided to 
the 8251 is 1.9968 MHz, which conforms to its 
specifications. 

The initiaUzation signal to the USART (RESET) is 
provided programmatically by manipulation of bit 
5 of port 2. It was necessary to place the reset of 
the 8251 under program control for two reasons. 
The first reason is that the MCS-48 does not supply 
a reset signal to other devices. The reason for this is 
that it was felt to be more useful to provide another 
pin of I/O function instead of a RESET OUT signal 


from the MCS-48. Although this situation could 
have been circumvented by the use of an externally 
generated reset which drove both the MCS^8 and 
the 8251, the second reason for program control of 
the reset to the USART still stands. The USART 
requires the presence of the CLK signal during 
reset in order to properly initialize itself. The 
ENTO CLK instruction which the MCS-48 must 
execute before the 8251 will receive the CLK can 
obviously not be executed until after the system 
reset has ended. Reset of the USART can be 
accomplished by the following code segment: 


ENTO 
ORL 
MOV 
LOOP: DJNZ 
ANL 


CLK 

P2, #001000006 
R2, #DELAY 
R2. LOOP 
P2,#110111116 


TURN ON CLOCK 
START RESET 
DELAY USART 
RESET TIME 
END RESET 


This code first enables the clock, then asserts the 
reset signal of a time period determined by the 
constant DELAY. The delay invoked is (10 + 
5*DELAY) microseconds for DELAY >0. The 
USART requires a reset of approximately 6 CLK 
periods so DELAY is chosen to be 1 which ensures 
adequate reset timing. Note that for delays this 
short, NOP instructions could also be used to time 
the pulse. 

The data clocks required by the USART are pro¬ 
vided by the modem if the USART is operated in 
the synchronous mode. In the more common 
asynchronous mode, however, these clocks must 
be provided by circuitry associated with the 8251. 

The 5.9904 MHz crystal was chosen because the 
resulting 1.9968 MHz clock to the USART can be 
evenly divided to provide transmit and receive 
clocks to the USART. Assuming the USART is in 
the X16 mode (i.e. it requires data clocks 16 times 
the baud rate) the 1.9968 MHz signal can be divided 
by 13 to generate the proper clock rate for 9600 
baud operation. This 9600 baud clock can be 
further divided to give 4800, 2400, 1200, 600, and 
300 baud signals. The 1200 baud signal can be 
divided by 11 to give a 109.1 baud signal which is 
within 1% of the 110 baud required by Teletypes. 

The MCS-48 communicates with the 8251 in a 
memory mapped mode (i.e. as if the 8251 were 
external RAM). The instructions available to do 
this are MOVX 3Rj, A which stores the contents of 
the accumulator at the external RAM location 
addressed by Rj (j=0 or 1), and its complement, 
the MOVX A, @ Rj instruction which moves data 
from the external RAM into the accumulator. 
Since the MCS-48 multiplexes addresses and data 
on the same eight bit bus an external latch would 
be required in order to address the USART with 
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■IZi 

■Ml 

•■7r 

iiCE 

■■21 

■■7F 

■■■1 

■■BF 


2 

3 

A 

5 

6 
7 

e 

9 

!■ 


THIS CODE INTIALI2ES THE USART 
AHD TRANSMITS AN INCREMENTING 
PATTERN. HARDMRE SHOMN IF FIG IS. 


EQUATES 


11 NCLR EOU 2RH 

12 DLY EQU RIH 

13 UCON EQU 7FH 

U MODE EQU RCEH 

15 CMD EQU 21H 

16 STAT EQU 7FH 

17 VAL EQU R1 

18 MASK EQU ■BFH 


USART RESET AM3RESS 
USART RESET DELAY 
USART CONTROL ADDRESS 
USART MODE 
USART CMD 
USART STATUS 
TEST VALUE 

CHANGES CW TO DATA CHANNEL 


■1RR 75 

■1R1 8A2C 
■103 BAI1 
■1^5 EAI5 
■ M7 9ADF 

■1»3 237F 
•I^B 3A 

■I^C 23CE 

■I^E 9^ 

■10F 2321 
■111 9« 


■112 237F 
■114 3A 
■115 &■ 
■116 67 
■117 E612 
■119 F9 
■11A 9ABF 
•lie 9« 
•11D 19 
■11E 2412 


2$ ORG 

21 
22 

23 TEST: ENT« 

24 ORL 

25 MOV 

26 LOOP: DJNZ 

27 ANL 

28 

29 MOV 

3* OUTL 

31 

32 MOV 

33 MOVX 

34 MOV 

35 MOVX 

36 

37 

38 

39 
48 

41 

42 

43 

44 TLP: MOV 

45 OUTL 

46 MOVX 

47 RRC 

48 JNC 

49 MOV 

Sa ANL 

51 MOVX 

52 INC 

53 JW» 

54 

55 END 


iiaH 

; TURN OH CLOCK 
; AND RESET USART 

CLK 

P2,#MCLR 
R2. «DLY 
R2.L0aP 

P2,#<NOTMCLR) 

i SELECT USART CONTROL 
A.MUCON 
P2,A 

; SEND MODE AHD COmAND 
A.RMODE 

•Ra.A ; (CONTENTS OF R* UNIt*>ORTANT) 

A,«CMD 

•R0.A 

; DO FOREVER 

S SELECT USART STATUS 
; IF TXRDY-1 TICN 

1 DO; 

; OUTPUT VALUE; 

INCREMENT VALUE; 

; END; 

; END; 

A,# STAT 
P2,A 

A.ORR ; (CONTENTS OF RR UNIMPORTANT) 
A 

TLP 

A, VAL 

P2,«HASK 

0Ra,A 

VAL 

TLP 

; END OF PROGRAM 


Figure 16. 8251 Test Program 

RO or Rl. In order to minimize the circuitry in 
Figure 15 an approach utilizing some of the I/O 
pins of the MCS-48 to address the 8251 was chosen 
instead. By connecting the chip select (CS) input 
of the 8251 to bit 7 of port 2 (P27) and similarly 
connecting the C/D address line of the 8251 to bit 
6 of port 2 (P26) it is possible to address the 8251 
without using RO or Rl. The instruction sequence 
to access the 8251 is to first reset P27 and set P26 
to the appropriate state, use a MOVX instruction to 
perform the appropriate operation, and then 
finally set P27 to deselect the 8251. As a concrete 
example of this addressing, Figure 16 shows the 
code necessary to initialize the 8251 and output an 
incrementing test pattern on a status driven basis. 

If more than one 8251 were to be added to the 
MCS-48, or if other types of peripheral circuitry 
would be required (e.g. an 8253 timer to generate 
the data clocks) it would probably become desirable 


__ A. w 1 i-ii LO irid^iC6 U.S6 

of RO or Rl to address the USART is shown in 
Figure 17. Note that only the changes to Figure 15 
are shown. The additional component required is 
the 8212 eight bit latch. This latch is loaded, when¬ 
ever a valid address is on the bus by the Address 
Latch Enable (ALE) signal provided by the MCS- 
48. During an external read or write cycle this 
address is used to address the 8251 in a linear 
select mode. In the circuit shown, the 8251 will be 
selected by any address with bit 1 a logical zero 
(XXXXXXOX) and the selection of control or data 
transfer (C/D) will be based on bit zero of the 
address obtained from RO or Rl. Figure 18 shows 
the program of Figure 16 modified to utilize the 
addressing inherent in the MOVX instructions. 



Figure 17. Modified MCS48 to 8251 Interface 


RECEIVING SERIAL CODE-A MORE 
SOPHISTICATED ALGORITHM 

Although the USART does an admirable job of 
performing the serial I/O function for the MCS- 
48''^'^ , there are some situations where it can not be 
used. These situations may be caused by economic 
factors, such as an extremely cost sensitive design, 
or because the code which must be utilized cannot 
be accommodated by the USART. An example of 
of such a code will be discussed later. Recall that 
the principal objection to the approach to serial 
input shown in Figure 13 was that it consumes 
much of the processor’s power by merely spinning 
in loops in order to wait preset time delays. 


All mnemonics copyrighted ® Intel Corporation 1976. 
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Figure 18. Modified 8251 Test Program 


The timer resident on the MCS-48 provides a solu¬ 
tion to this problem. Instead of spinning in a loop 
the program can set the timer for a given interval, 
start it, and proceed to other tasks. When the timer 
overflows, an interrupt will be generated to notify 
the software that the present time period has 
elapsed. An extension of the algorithm of Figure 
13 which uses the timer in this fashion in shown in 
Figure 19. This algorithm is identical to the preced¬ 
ing one up until the detection of the leading edge 
of the start bit. At this point the timer is set to one 
half of the bit time (P) and a return is made to the 
calling program which can start additional process¬ 
ing. At the completion of this time interval a 
timer overflow interrupt is generated. When the 
first interrupt is detected, the serial line is checked 
to ensure that it is in a spacing condition (valid 
START bit). If it is, the timer is set to P (to sample 
the middle of the first data bit) and a return is 
made to the program which was running when the 

All mnemonics copyrighted © Intel Corporation 1976. 


interrupt occurred. If the serial line has returned to 
the MARK state, a status flag is set to indicate an 
error and a return is made. On subsequent interrupt 
detection, the data is sampled, the timer is reiniti¬ 
ated, and control is returned to the program which 
was running when the interrupt occurred. When 
the last (i.e. STOP) bit is detected a completion 
flag is set and a return is made to the program 
running when the timer overflow occurred. By 
periodically checking the error and completion 
flags the running program can determine when the 
interrupt driven receive program has a character 
assembled for it. 



Figure 19. Improved Serial Input Routine 

Using the timer to implement time delays as shown 
in Figure 19 results in considerable savings in 
processing time; two problems remain, however, 
which must be solved before an adequate software 
solution to the problem of receiving serial code can 
be found. The first problem is that even though the 
delays between bit samples are implemented via 
the timer rather than program loops the loop con¬ 
struction is still used to detect the leading edge of 
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the START bit. Although this results in the waste 
of processing power, the second problem is even 
more serious. For longer messages the required 
accuracy of the clocks becomes more and more 
stringent. Using the sampling technique discussed 
a cumulative error of one half a bit time in the 
time at which a bit sample is taken will result in 
erroneous reception. The maximum timing error 
which can be tolerated and yet still allow proper 
detection of an 11 bit ASCII character is then: 


^ Q.5*BIT TIME 
CHARACTER TIME 


Q.5P 
11 P 


= 4.5% 


where P is the period of single bit. The correspond¬ 
ing calculation for a 32 bit character yields: 

Emax = = 1.6% 


Both efficient detection of the start bit and increas¬ 
ed timing accuracy can be obtained if the MCS-48 
can detect edges on the incoming received data 
(RxD). A hardware construct which allows this 
is shown in Figure 20. 

The received data (RxD) is Exclusive NORed with 
bit seven of port two and fed into the TEST (Tl) 
pin of the MCS-48. By manipulating P27 th e pro - 
gram can now cause Tl to be either RxD or RxD. 
(If P2 7 = 1 then Tl = RxD; if P27 = 0 then Tl = 
RxD.) Note that not only can Tl be tested directly 
by the software but that it is the input which is 
used when the MCS^8 timer is in the event counter 
mode. The significance of this will be discussed 
later. The relationship between Tl, P27, and RxD 
is given by the Boolean expression: 

t! = P27 • RiD + P27 • RxD 


Since this calculation does not allow for distortion 
on the signals, it is obvious that either extremely 
stable clocks will be required or a more tolerant 
algorithm must be devised. This problem is parti¬ 
cularly serious at relatively high baud rates where 
the resolution of the counter (SO/isecs with a 6 MHz 
crystal) becomes a significant percentage of the 
period of the received signal. At the 110 baud rate 
of the Teletype the SO/isec resolution of the clock 
allows a maximum accuracy of 0.33%; at 2400 
baud this figure is reduced to 3.8%. 


XI X2 


Figure 21 flowcharts a means of utilizing this hard¬ 
ware construct to avoid the necessity of wasting 
time in program loops to detect the leading edge of 
the start bit. The receive operation is initialized 
when the program desiring to receive serial data 
calls the INIT subroutine (Figure 21a). Since INIT 
is going to manipulate the timer the first action it 
performs is to disable the timer overflow interrupt. 
Its next step is to set P27 to a logical 1. Setting 
P27 in this manner caus es the TEST 1 input to the 
MCS-48 to follow RxD. By setting up the receive 
circuitry in this manner a high to low transition 
will occur on TEST 1 when the RxD goes from 
the MARKING to SPACING state (i.e. the START 


f 
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ss 

PSEN 


PROG 
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Pl7 
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Pl5 
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Pl3 
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^ INIT ^ 


DISABLE TOFLO 


STRT EVENT CNT 


SET BCOUNT 


V 



Figure 20. Detecting RxD Edges 


Figure 21a. Interrupt Driven Serial Receive Flowchart 
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bit occurs). By setting the timer to OFFh and 
enabling it in the event count mode, the INIT 
routine sets up the MCS-48 to generate a timer 
overflow interrupt on the next MARK to SPACE 
transition of RxD (the TEST 1 input doubles as 
the event counter input). Before returning to the 
calling program the INIT routine sets a flag (RDF) 
which will be cleared by the receive program when 
the requested receive operation is complete. INIT 
also sets a value into a register called BCOUNT. 
The receive program interprets BCOUNT as follows: 


BCOUNT 


0 

0 

0 

0 

0 

s 

0 

0 





Number of bits remaining 
to receive 


If set indicates that the 
START bit has not yet been 
detected 


If set indicates that the 
START bit has not yet been 
. verified 


Figure 21b. Interrupt Driven Serial Receive Flowchart 



In order to request the reception of the 11 bit 
ASCII code INIT would set BCOUNT to 1100101 IB. 
The start bit has been neither verified nor detected 
and 11 bits (101 IB) are required. 

After INIT is called the reception of the individual 
serial data bits will proceed on an interrupt driven 
basis until a complete character has been assembled. 
When this occurs the interrupt driven program will 
set the RDF (Receive Done Flag) to a zero to indi¬ 
cate that it has completed the requested operation 
and then terminate itself. The procedure which is 
used to accomplish this is shown in Figures 21b 
and 21c. 

Since all operations of this program are the result 
of the occurence of a timer overflow interrupt, it 
is necessary to briefly review the interrupt structure 
of the MCS^8. There are two sources of interrupt; 
an external interrupt whic h is t he result of a logical 
zero signal apphed to the INT pin of the MCS-48, 
and an internal interrupt which is caused by a 
timer overflow condition. The timer overflow 
occurs whenever the timer is incremented from 
OFF H to zero whether it be in the timer or event 
count mode. When one of these events occurs the 
hardware in the MCS-48 forces the execution of a 
CALL. This CALL has a preset address of location 
3 if it is due to the external interrupt and location 
7 if it is due to a timer overflow. If both of these 
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running program and its PSW (program status 
word) on a stack the hardware maintains in RAM 
locations 8-23. Although the hardware saves the 
program counter and PSW, it remains the responsi¬ 
bility of any interrupt driven software to make 
absolutely certain that it does not modify any 
memory locations or registers which are being 
used by the main program. The most convenient 
way of ensuring this in the MCS-48 is to dedicate 
the second bank of registers (RBI) to the interrupt 
driven program. One of these registers has to be 
used to save the accumulator (which is not part of 
the register bank) but seven registers remain; 
including two which can be used as pointers to the 
rest of the RAM (RO and Rl). Note that if this 
approach is taken then these registers have to be 
allocated between the program which services the 
external interrupt and the one which services the 
timer overflow. This problem is somewhat alleviated 
by a hardware lockout which prevents the timer 
overflow interrupt from interrupting the external 
interrupt service routine and vice versa. This is 
implemented by locking out new interrupts between 
the time an interrupt is recognized and the time a 
RETR instruction is executed. The RETR instruc¬ 
tion is like a normal RET (return from subroutine) 
except that the PSW as well as the program counter 
is restored. The RETR instruction can be very 
much thought of as a return from interrupt instruc¬ 
tion in the MCS-48. 

The receive program under discussion uses register 
bank 1 in the manner described. Whenever a timer 
overflow occurs (e.g. on the next MARK to SPACE 
transition of RxD after INIT is called), control is 
passed (by the hardware generated CALL) to the 
point labled TIMER OFLO in Figure 21b. This 
program segment immediately selects register bank 
1 (RBI) and then saves the accumulator (A) in a 
location called ATEMP which is actually R7 of 
RBI. The program then tests bit seven of BCOUNT 
(R6 of RBI) to find out if a START bit has been 
verified (i.e. the edge of the START bit has first 
been detected and then verified to still be a SPACE 
one-half a bit time later. If BCOUNT [7] is a zero 
the START has been verified and the program pro¬ 
ceeds to set the timer to P (the period of the serial 
bit), get the current serial data into the carry bit, 
and then shift the carry bit into a buffer. After 
saving the data the program decrements BCOUNT 
and tests it for zero. If BCOUNT is zero the receive 
operation is complete so the program sets RDF to 
a zero and disables timer overflow interrupts. 
Whether or not BCOUNT is zero, control is passed 
to EXIT where A is loaded with ATEMP and a 


the PSW, the execution of RETR automatically 
selects the register bank which was active when 
the interrupt occurred. 

If BCOUNT [7] is still set when it is tested, con¬ 
trol is passed to START (Figure 21c) where bit 6 
is tested to determine if the START has been 
detected yet. If BCOUNT [6] is set it indicates 
that this is the first occurrence of a timer overflow 
since the receive process was initialized by the 
INIT subroutine. If this is so, the program assumes 
that the START bit has just started and therefore 
it sets the timer to one-half of a bit time (1/2 P), 
starts the timer in the timer mode, and clears 
BCOUNT [6] to indicate that the START bit has 
been detected. The next overflow will again result 
in the execution of the program in Figure 21 b and 
again BCOUNT [7] will be found to be set. This 
time, however, BCOUNT [6] will be reset and the 
program will know that it should test the START 
bit to ensure that it is still a SPACE. This test is 
performed and if successful the timer is set for a 
bit period P and BCOUNT [7] is reset so that on 
the next occurrence of a timer overflow the pro¬ 
gram will know that it should start assembling 
serial bits into a character. If the test is unsuccess¬ 
ful, the subroutine INIT is used to reinitialize the 
receive program. In either case control is passed to 
EXIT where a return from interrupt mode occurs. 

This receive program, listings of which appear in 
Figure 22, allows the reception of serial characters 
transparently to the main running software. After 
INIT is called the main program has only to check 
RDF periodically to find out if there is data in the 
buffer for it. It would be fairly easy to ‘double 
buffer’ this operation by providing a buffer which 
the receive program uses to deserialize the incom¬ 
ing code and a second buffer to store the assembled 
character. If the program would reinitialize itself 
upon completion, the reception of a string of 
characters could proceed in much the same way as 
it would if a status driven US ART were being used. 

Although this program solves the first problem of 
software controlled reception (lack of efficiency) 
the second problem-sensitivity to frequency 
variations—remains. An example of a code which 
would be susceptible to this problem is the 31,26 
BCH code commonly used in supervisory control 
systems. (A supervisory control system is, in 
essence, a remote control system which allows a 
human or computer operator the control of a 
system via a serial communications link.) The BCH 
codes are used because of their error detection 
capabilities and are a class of cyclical redundancy 
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SOURCE STRTEMEMT 


LOC OBJ 


•••7 

*•06 

iil2 

•if* 

*•§8 

••29 

•• 2 * 

••24 


•••7 

•••7 D5 
•••8 AT 

•••9 FE 
•••A F223 


•••C 2307 

•••£ 62 

•••F SS 


••1* •A 

••11 F7 
••12 S615 
••14 A7 


••IS 862* 
••17 2* 
••18 67 
••19 2* 


••1A EE3F 


••1C 8824 
••IE 27 

••IF A« 
••2* 3S 

••21 •43F 


SERIAL INPUT USING THE MCS-4e 
THIS CODE ASSUFCS HAROUARE 
SHCM IN FIG 2*. TO USE 
THIS ROUTINE CALL IHIT. 

UHEN ROF** THE ASSEPBLEO 
CHARACTER WILL BE IN SERBUF 


13 ; EQUATES 


» ATETB EQU 
I BCOUNT EQU 
) COUNT E«J 
) RXS EQU 
I BITNO EQU 
I P EQU 
! SERBUF EQU 
i RDF EQU 


2BM 

24H 


; STORAGE FOR A DURING INTERUPT 
; CONTAINS NUBER OF BITS IN MSG 
; UTILITY COUNTER 
; POINTER 
; NUMBER OF BITS 
; SAIBLE PERIOD 
; SERIAL BUFFER 
; RECEIVE DONE FLAG 


CONTROL PASSED HERE UHEN TIIBR OFLO OCCURS 


MOV 

JB7 


41 SLLB; STRT 


I TISRD: MOV 
! SLOOP: XCH 


•7H 

; /‘ENTER INTERRUPT MODE*/ 
RBI 

ATEMP.A 

: IF BC0UNTC7I-B THEN 
A.BCOUNT 
START 

: DO; 

TirCR-P; 

A,«-P 

T,A 


A,P2 

A 

TISRD 


RXB.NSERBUF 

a.oRx* 


/•CARRY-RXD*/ 
CARRY-P27 XNOR TEST1; 


/•SHIFT CARRY INTO BUFFER*/ 
RXS-SERBUF: 

RSHFT rCMCRXB); 


MOV 

CLR 

MQV 

DIS 


RXB,#RDF 

A 

•RX«,A 

TCNTI 

: El 

SEXIT 


BCOUNT-BCOUNT-1; 

IF BCOUNT-B THEN 
,SEXIT 
DO; 

RDF-B; 

DISABLE EX INT; 
END; 


; ELSE 
; DO: 

; IF BCOUNTtei'l THEN 


••23 FE 
••24 D237 


•B28 2307 
••2A 62 
••2B SS 
••2C 9A7F 

••2E BS 

••2F FE 
••30 S37F 
•B32 AB 
••33 •43F 


71 START: MOV 

72 JB6 

73 

74 

75 JT1 

76 

77 

78 

79 
8* 

81 

82 

83 MOV 

84 MOV 

85 STRT 

86 ANL 

87 EN 

86 MOV 

89 ANL 

9* Mdv 

91 JW 

92 


A,BCOUNT 
SLLC 

DO; 

IF TEST1-B THEN 

SLLD 

; DO; 

; TIMER-P; 

; START TIMER; 

; P27-B; 

EN I 

BC0UNTt71-»; 

END; 

A.#-P 

T,A 

T 

P2,«7FH 

I 

A.BCOUNT 
A,»7FH 
BCOUNT.A 
SEXIT 

ELSE 


••37 23EC 
••39 62 
••3A SS 
••38 FE 
••3C S3BF 
••3E AE 


96 SLLD: CALL INIT 




ELSE 

DO; 


TIMER-P/2; 
START TIMER; 
BC0UNTt61-S; 


MOV 

MOV 

STRT 

MOV 


A,«-(P/2> 

T,A 

T 

A,BCOUNT 
A,«BBFH 
BCOUNT.A 


••3F FF 
BB4B 93 


115 ; INTIALIZE ROUTIIC- 

116 ; STARTS RECEIVE PROCESS 

117 ; .. 


119 

12* 

121 

122 

123 

124 

125 

126 
127 
1?8 
129 

BB41 3S 13* INIT; DIS 


••42 8A8* 131 ORL 

••44 23FF 132 MOV 

••46 62 133 MOV 

••47 4S 134 STRT 

••48 8824 13S MOV 

••4A B«*1 136 MOV 

••4C BBIE 137 MOV 

••4E BlC8 138 MOV 

••SB 2S 139 EN 

••SI 83 14* RET 

141 

142 

143 END 


; INIT: 

PROCEDURE; 

DO; 

DISABLE INTERRUPTS; 

; P27-1; 

TIMER—1; 

START EVENT COUNT; 
RDF.1; 

BCOUNT'BCBH OR BITNO 
; END; 

; END INIT; 

TCNTI 
P2, «8BH 
A,«-1 
T.A 
CNT 

RXB.tfRDF 

ORXB.ABIH 

RXB.tflEH ; POINT AT BCOUNT 

9RX*.«(BCBH OR BITNO) 

TCNTI 


;END OF PROGRAM 


Figure 22. Interrupt Driven Serial Receive Program 


codes such as those used in synchronous data com¬ 
munications (e.g. BISYNC or SDLC). BCH codes, 
named for their originators Bose, Chaudhuri, and 
Hocquenghem, are characterized by having a length 
of n=2”^-l. The number of redundant check bits 
can be mt where t is a positive integer (clearly mt 
<n). The 31,26 code fits this format with m=5 and 
and t=l. The length of each message is n=2^-l=31 
with 5*1 redundant bits, leaving 26 bits available 
for data transmission. With an appropriate poly- 

All mnemonics copyrighted ® Intel Corporation 1976. 


nominal BCH codes can detect all errors consisting 
of 2t error bits and all burst errors of mt or fewer 
bits. The 31,26 BCH code will therefore detect any 
erroneous messages with 1 or 2 errors or bursts of 
errors of less than 5 bits. The 31,26 format (shown 
in Figure 23) requires the reception of a start bit 
followed by 31 infoimation bits, clearly beyond 
the capability of the US ART but perhaps within 
reach of a program controlled approach using the 
MCS^S itself. 
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START BIT 
(SPACE) 



DATA BITS 


1 —I—I—r—I—I—I—r—I—I—r—t—i—i—i—i—r 

j_I_ I _I_I_I_I_I_I_I_I_I_I_I_I_I_L 


STOP BITS 

CHECK BITS (MARK) 


T—I—I—I—I—!—I—r 

^D26| Cl ^ C2 I C3 ^ C4 ^ C5 I 


Figure 23. 31,26 BCH Code 


A concept which reduces sensitivity to frequency 
deviations and thus allows the reception of longer 
codes is shown pictorially in Figure 24. The first 
line of this timing chart shows an alternative ones 
and zeros pattern on the RxD with a period of 5 
milliseconds. The second line shows that by 
sampling at a period of exactly 5 milliseconds the 
data can be properly interpreted. The third and 
fourth lines show the effects of sampling with a 
period of six and four milliseconds respectively. In 
either case, an error occurs at the third sample 
where both periods result in sampling on an edge 
of the RxD signal. The third line of Figure 24 
shows a hybrid sampling scheme which, based on 
some additional information, switches sampling 
periods between the two values. As can be seen in 
Figure 24, the data is sampled with a 4 millisecond 
period until the sampling begins to fall behind the 
data; at this point the sampling period is increased 
to six milliseconds and the sampling first catches 
up and then passes the center point of the data. As 
soon as this happens, the sampling period reverts 
to the 4 millisecond period and the cycle repeats. 
It can be seen that this scheme sets up a pattern 
which repeats indefinitely and the data can be 
successfully sampled. Note that the sampling pattern 
established is alternating periods of four and six 
milliseconds. The average period of this pattern, as 
might be expected, is 5msec. Line 5 of Figure 24 
shows the effect of a change in transmission speed 
to a period of 5.5 msec with no change in the 
sampling time. The sampling is again successful but 
the new sampling pattern is 4-6-6-6; 4-6-6"6, etc. 
Note that the average sample is again equal to the 
period of the received data (5.5). While this scheme 


1. BmsecPERIOD 
5msec SAMPLE 


J_I_I_I_I_I_^_I_I_ L 1 1 I 


2. 5msec PERIOD 
6msec SAMPLE 


J_I_L 


3. BmsecPERIOD 
4msec SAMPLE 


1 I I 


4, BmsecPERIOD 
HYBRID SAMPLE 


|4>6l6|4|6|4i6|4|6|4|6l 


5. 5.5msec PERIOD 
HYBRID SAMPLE 



|4|6|6|6|6|6|4|6|6[6|4{ 


Figure 24. Various Sampling Alternatives 


does seem to work, the question of what additional 
information is needed remains. 

The MSC-48 must somehow decide when it is drift¬ 
ing out of synchronization and take corrective 
action. By referring back to Figure 24 it can be 
seen that if the MCS-48 could determine where the 
edges of RxD occurred with respect to its sampling 
times then the additional information would be 
available. As can be seen in the figure the choice of 
sampling period can be based on the following rule: 

If an edge on the RxD line occurs during the 
first half of the current sampling period, then 
use the short period for the next sample. If an 
edge occurs during the secondhalf of the period, 
then use the long sampling period for the next 
sample. 

If the data on the RxD line does not change, of 
course, the MCS-48 will drift out of synchronization 
just as the original algorithum did. As long as edges 
occur on TxD, however, synchronization can be 
maintained. To maximize the allowable time 
between edges, the following addition could be 
made to the above rule: 

If no edge occurs on the RxD line during a 
sample, then change sampling period from short 
to long or vice versa. 


Note that this addition to the rule will result in 
using an average of the two sampling periods when 
no edge occurs for several bit times. 

The edges of RxD can be easily detected by the use 
of the same structure (the Exclusive — NOR gate) 
which was added to the MCS^8 in Figure 20. This 
gate, which is used to detect the edge on RxD 
which begins the START bit, can naturally be used 
to detect any edge. Since the timer is being used to 
time the bit period, however, the event count input 
(Tl) is not useful during the receive itself. By con- 
nect ing the output of this gate, however, to the 
TNT input to the MCS-48 (see Figure 25) it is 
possible to detect edges on RxD with the event 
counter when the program is trying to detect the 
START bit and by the external interrupt when the 
program is using the timer to control the sampling 
times. 
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Figure 25. Modified Edge Detection 

A modification to the program of Figure 21 which 
implements this new sampling algorithm is shown 
in Figure 26. The first deviation from the original 
program is the addition of a routine (XISR, Figure 
26a which is called when an external interrupt 
occurs (i.e. when an edge occurs on RxD). This 
routine saves the status of the running program and 
then stores the current value of the timer register 
in a location called SNAP (R5 of RBI). After 
doing these operations the program complements 
bit 7 of port 2. Manipulating P27 in this manner 
will cause the Exclusive NOR gate to turn off the 
external interrupt and will set it up to generate 
another interrupt when the RxD line changes again 
(has another edge). 



Hybrid Sampling Flowchart 


Because of this edge detection it is important to 
condition RxD with hardware filters to ensure that 
the edges of RxD are clean. Any ringing will cause 
repeated CALLs to XISR and probable erroneous 
operation. The changes to the START process 
(Figure 26c) are two-fold; first the TIMER is set to 
one half the average of the two sample periods 
when the START bit is first detected (BCOUNT 
[6] = 1), and second the processing of the edge 
information is initialized by presetting SNAP and 
clearing P27. 

SNAP is preset so that when the reception of data 
actually begins (Fi^re 26b BCOUNT [7] =0), the 
decision block which tests SNAP against LIMIT 
will be initialized. This block actually compares the 
value in SNAP with a LIMIT value which is used to 
determine if the samphng point is ahead or behind 
the actual midpoint of the serial data. If the 
sampling is ahead then the timer is set for TMIN; 
if the sampling is behind then the timer is set for 



Hybrid Sampling Flowchart 
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Hybrid Sampling Flowchart 


TMAX. By presetting SNAP in the manner shown 
in the flowcharts the second rule of the algorithm, 
{if no edge appears on the RxD line during a 
sample, then change the sampling periods short to 
long or vice versa) is automatically met. If an edge 
occurs then XISR will modify SNAP, if XISR is 
not invoked between two samples then the choice 
of timer periods will alternate. The only other 
significant change to the algorithm is that the INIT 
routine must now lock out all interrupts, not just 
the timer overflow interrupt, while it is operating. 
A program which uses this algorithm to receive a 
32 bit message is shown in Figure 27. 


•••6 D5 
•••7 AF 

•••e FE 

•••9 F23e 


•••B FD 
•••C ^314 

•••C F217 


••IB 23D9 
••12 62 
••13 BD13 
••15 B41C 


••17 23DS 


2 


6 

7 

8 
9 

10 

12 

13 

14 

15 

16 
17 
16 
19 
2B 
21 
22 

23 

24 

25 

26 

27 

28 
29 
3B 

31 

32 

33 

34 

35 

36 

37 

38 

39 


SERIAL INPUT USING MCS'48 
THIS CODE ASSUMES HARDWARE 
SHOWN IN FIG 25. PROGRAM 
IS SIMILAR TO PREVIOUS 
ONE, A MORE SOPHISTICATED 
SAMPLING ALGWIThPt IS USED 

NOTE: A PL/M LIKE LANGUAGE WAS USED 
TO COWIENT THIS LISTING AND 
SEVERAL OTHERS IN THIS NOTE. NO 
COMPILER EXISTS FDR THE MCS-48. 
THE CDM«NTS WERE 'HAND 
COPPILED' INTO ASSEMBLY CODE 


; EQUATES 


ATEMP EQU R7 

BCOUNT EQU R6 

SNAP EQU R5 

COUNT EQU R2 

RXO EQU RB 

BITNO EQU 32 

LIMIT EQU 2B 

TMAX EQU -43 

TMIN EQU -39 

HALF EQU -2B 

SERBUF EQU 2BH 

RDF EQU 24H 


STORAGE FOR A DURING INTERUPT 
CONTAINS NUMBER OF BITS IN MSG 
TAKES TIMER SNAP SHOT ON RXD EDGE 
UTILITY CtWNTER 
POINTER 
NUMBER OF BITS 

TEST VALUE FOR MIN/MAX SAI>f>LING 
MAX SAMPLE PERIOD 
MINIMUM SATPLE PERIOD 
HALF NOMINAL PERIOD 
START OF SERIAL BUFFER 
RECEIVE DONE FLAG 


CONTROL PASSED HERE OH EXT. INT. 


4B ORG BSH 


41 ; CALL SERVICE ROUTINE 

42 EIVEC: CALL XISR 

43 RETR 


45 

46 

47 

48 

49 
SB 

51 

52 

53 

54 

55 

56 

57 

58 

59 
6B 
61 
62 

63 

64 

65 

66 
67 


; CONTROL PASSED HERE WHEN TIICR OFLO OCCURS 


i /‘ENTER INTERUPT MODE*/ 

TMVEC: SEL RBI 

MOV ATEM»,A 

; IF BCOUNTt7]-0 THEN 

MOV A,BCOUNT 

JB7 START 

; DO; 

! IF SNAPiLIMIT THEN 

MOV A,SNAP 

ADD A.RLIMIT 

J87 SLLA 

; DO; 

; TIICR-TMIN; 

; SNAP-LIMIT* 1; 

END; 

MOV A.RTMIN 

MOV T,A 

MOV SNAP.RLIMIT-1 

jrf> SLLB 


MOV 


; DO; 

; TIMER-TMAX; 

; SNAP-LIMIT-1; 

END; 

A, RTMAX 


Figure 27. Hybrid Sampling Program 


2-22 


















LOC OBJ 


SOURCE STATEMENT 


LOC OBJ 


SOURCE STATEMENT 


T.A 

SNAP,#L1MIT-1 

i START TIMER; 


/•CARRY-RXD*/ 
CARRY-P27 XOR TESTI5 


TIMER*tTMIN*TMAX>/2; 
START TIMER; 
BC0UNT[6]>I: 


; /‘SHIFT CARRY INTO BUFFER*/ 
RXI'SERBUF; 

; COUHT-4; 

; DO WHILE COUNTof; 

; RSHFT MEMCRXO); 

: RXI-RXI*1: 

; COUNT-COUNT-1; 

; END; 

RXI.RSERBUF 

COUNT, 

A.RXI 


158 SEXIT: MOV 

159 RETR 


COUNT.SLOOP 

; BCOUNT-BCOUNT-1; 

; IF BCOUNT-B THEN 
BCOWiT,SEXIT 
; DO; 

RDF-B; 

; DISABLE EX INT; 

; END; 


IHIT: 

PROCEDURE; 

DO; 

DISABLE INTERUPTS; 
P27-1; 

TlrCR-1; 

START EVENT COUNT; 
RDF-1; 

BCOUNT-BCBH OR BITNO 
END; 

END INIT; 


; ELSE 
; DO; 

; IF BCOUNTiei-B THEN 


TIMER-TMIN; 
START TIMER; 
SNAP-LIMIT*1; 
P27-B; 

EN I 

BC0UNTC71-B; 


DIS TCNTI 
ORL P2,«8aH 
MOV A,l»-1 
MOV T.A 
STRT CNT 
MOV RXB,«ROF 
MOV A,B1 
MOV «RXB ,A 
EN TCNTI 

MOV BCOUNT.0BCBH OR BITNO 

RET 


INTERUPT SERVICE ROUTINE 


XISR: 

PROCEDURE; 

DO; 

/•ENTER INTERUPT MODE*- 
SNAP-TIfCR; 

P27-N0T P27; 

END XISR; 


MOV ATEMP.A 
MOV A.T 
MOV SNAP,A 

IN A.P2 

xn. A.M8BH 

OUTL P2,A 


Figure 27. Hybrid Sampling Program 


All mnemonics copyrighted © Intel Corporation 1976. 
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TRANSMITTING SERIAL CODE 

Serial transmission is conceptually far simpler than 
serial reception since no synchronization is required. 
All that is required is to use the timer to generate 
interrupts at the bit rate and present the character 
to be transmitted serially at an I/O pin. A program 
which does this is shown in Figure 28. The trans¬ 
mission of serial data becomes much more compli¬ 
cated if it must occur simultaneously with reception. 

If both reception and transmission are to occur 
simultaneously then obviously contention will 
exist for the use of the timer. It is possible to allow 
the simultaneous reception and transmission of 
serial data using the timer as a general clock which 
controls software maintained timers. The attainable 
baud rates using such techniques are, however, 
limited and the use of a 8251 USART is probably 


indicated in all but the most cost sensitive applica¬ 
tions. An exception to this rule occurs when the 
system, although full duplex in nature, actually 
transmits the same data as it receives. An example 
of this is a microprocessor driving a terminal such 
as a Teletype. Although the circuit to the terminal 
is full duplex, the data that is transmitted is generally 
the same as that received. A minor modification to 
the program shown in Figure 26 would implement 
this mode of operation. The modification would be 
to the XISR routine and it would add the code 
necessary to place the TxD I/O pin in the same 
state as the RxD line. Since any change in RxD 
results in a call to XISR, this modification would 
cause the retransmission of any received data. 
Whenever it becomes necessary to transmit data 
which is not being received, the program of Figure 
28 could be used in a half duplex manner. 


Lac OBJ SEQ SOURCE STATEMENT 


LOC OBJ SEQ 


SOURCE STATEMENT 


e 


0007 


0004 

0003 

00Er 

0010 

FFD7 


0007 

0007 D5 
0008 AF 

0009 23D7 
000B 62 
000C SS 

000D 141D 


6 

7 

8 
9 

10 


12 


SERIAL TRANSMIT ON THE MCS<18 
TO USE PUT A CHAR IN BuFF AND 
SET CHARAV TO 0 FFh. WHEN THE 

transmitter is ready for another 

CHAR IT WILL CLEAR CHARAV. THE 
TRANSMISSION IS DOUBLE BUFFERED. 


EQUATES 


1 ATEMP 
; PTOS 
5 BUFF 


3 COUNT 
3 CBIT 
! 5BIT 


STORAGE FOR A DURING INT. 
parallel to serial CONVERTER 
CHARACTER BUFFER 
CHARACTER AVAILABLE FLAG 
BIT COUNTER 

MASK TO CLEAR TXD IN P24 
MASK TO SET TXD IN P24 
PERIOD OF TXD 


CONTROL PASSED HERE ON TII«ER OVERFLOW 


26 ORG 07H 


27 

28 TOFlO: SEL 

29 MOV 

30 

31 MOV 

32 MOV 

33 STRT 

34 

35 CALL 

36 


; ENTER INTERUPT MODE 

RBI 

ATEW^.A 

; SET TIMER FOR P 

A. BP 

T.A 

T 

; GET BIT INTO CARRY 

BIT 

; SET TXD TO CARRY 


000F 0A 
0010 D380 
0012 3A 
0013 F619 
001S 9AEF 
0017 041B 
0019 BA10 
001B FF 
001C 93 


001D FB 
00 IE C627 

0020 FE 

0021 67 
0022 4380 
0024 AE 
0025 CB 
0026 83 

0027 97 
0028 FC 
0029 962D 
002B A7 
002C 83 

002D FD 
002E AE 
002F BB0A 
0031 BC00 
0033 83 


I BITON: DRL 
I EXIT: MOV 

i RETR 


P2,A 
BITON 
P2, »CBIT 
EXIT 

P2, «SBIT 
A,ATEMP 


A, COUNT 
IDLE 
A. PTOS 
A 

A. tt80H 
PTOS,A 
COUNT 


60 

61 IDLE: CLR 

62 MOV 

63 JNZ 

64 CPL 

65 RET 

66 

67 GOTDNE: MOV 

68 MOV 

69 MOV 

70 MOV 

71 RET 

72 

73 END 


C 

A,CHARAV 

GOTDNE 

C 


A, BUFF 
PTOS,A 
COUNT,« 10 
CHARAV. «0 

; END OF PROGRAM 


Figure 28. Serial Transmission 


All mnemonics copyrighted © Intel Corporation 1976. 


2-24 
















GENERATING PARITY 

Many communications schemes require the genera¬ 
tion and checking of parity. If a USART is used 
it can be programmed to automatically generate 
and check parity. If the communications is handled 
by software within the MCS-48^'^ then the program 
must perform parity calculations. Calculating 
parity is easy if one remembers what parity really 
means. A character has even parity if the number 
of one bits in it is even. A character has odd parity 
if it has an odd number of ones. The program seg¬ 
ment shown in Figure 29 can be caused to calculate 
parity. It starts by setting a loop count to eight and 


CONCLUSION 

This Application Note has presented a very small 
sampling of the apphcation techniques possible 
with the MCS-48''^’''' family. The application of this 
new single chip computer system to tasks which 
have not yet yielded to the power of the micro¬ 
processor will present a fascinating challenge to the 
system designer. 


SOURCE STATEMENT 


PARITY 

THIS PROGRAM GENERATES PARITY 
ON THE ACCUMUtATOR 

CARRY UIU BE SET IF A HAS ODD PARITY 


16 COUNT EQU 


I1H 

•111 BAI8 

1112 37 


•113 77 
I1M 1217 
1116 A7 


1IIH 

COUNT. #8 


SET LOOP COUNT 
INITIALIZE CARRY 
FOR EACH ZERO BIT IN A 
COPPLEMENT THE CARRY FLAG 


; END OF PROGRAM 


Figure 29. Parity Generation 


clearing the CARRY flag. After this initialization a 
loop is executed eight times. During each execution 
the accumulator is rotated and the least significant 
bit is tested. If the bit is a zero the CARRY flag is 
complemented, if the bit is a one no further action 
is taken. Since an even number of zeros implies an 
even number of ones for an eight bit character, 
after all eight loops have been accomplished the 
CARRY bit will be set if an odd number of ones 
were encountered; it will be reset if the number 
were even. Since the RR instruction does not 
involve CARRY the net result of executing this 
program loop is to set CARRY if parity is odd 
without effecting the character in the accumulator. 


All mnemonics copyrighted © Intel Corporation 1976. 
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INTRODUCTION 

This application notes presents a software package for 
interfacing members of Intel’s MCS-48''’''^ family of 
single-chip microcomputers with keyboards and dis¬ 
plays using a minimum of external components. Be¬ 
cause of the similarity of the architectures of the vari¬ 
ous members of the family (the 8035, 8048, 8748, 8039, 
8049,8021, and 8022 microcomputers; also the 8041 and 
8741 universal peripheral interfaces in the UPi-41® 
family), the code included here could run with minor 
modifications on any member of the family. 

Since keyboard and display logic can be just one of 
several functions handled by a microprocessor, the 
added cost of Including these functions In a system is 
minimal. In fact, considering the extremely low cost of 
standard X-Y matrix keyboards and integrated displays, 
their use is often more cost effective than even a hand¬ 
ful of discrete switches and indicators. Thus, the addi¬ 
tional flexibility of keyboard input and display output 
can be added to inexpensive consumer products (such 
as games, clocks, thermostats, tape recorders, etc.), 
while producing a net savings in system cost. 

Since each potential application will have its own 
unique combination of keys and display characters, the 
program is written so that very little modification is 
needed to interface it with a wide variety of hadware 
configurations. In general, the only changes required 
are within the set of initial EQUates at the beginning of 
the program. 

Along with the basic software for driving a multiplexed 
display and/or scanning and debouncing an X-Y matrix 
of key switches, a collection of utility subroutines is 
also included for implementing the most commonly 
used keyboard and display utility functions, such as 
copying simple messages onto the display or determin¬ 
ing the encoded value of each key in the key matrix. As a 
result of the versatile architecture and applications- 
orlented instruction set of the MCS-48 family, the entire 
package fits into about 250 bytes of internal program 
ROM or EPROM, leaving the rest of the ROM space for 
the program to cook the perfect piece of toast, or what¬ 
ever. By tailoring the software to match a known hard¬ 
ware configuration, or by selecting only those functions 
needed for a given application, the program size could 
be even further reduced. 

Since what is being presented in this application note is 
a software package, rather than the usual hardware/ 
software system design, the format of this note is some¬ 
what different from most — it consists primarily of a 
long program listing reproduced In the following pages. 
For the most part, the listing is self-explanatory, with 
comments introducing each subroutine and major code 
segment. Some parts of this introduction are repro¬ 
duced in the program listing itself, explaining the con¬ 
figuration of the prototype system. However, an addi¬ 
tional bit of explanation would make the listing easier to 
understand, especially for those readers unfamiliar with 
the concept of multiplexed displays and keyboards. 


In traditional digital system design, various hardware 
registers or counters were used to hold binary or BCD 
values which had to be conveyed to the user. The stand¬ 
ard way of presenting this information was by connec¬ 
ting each register to a seven-segment encoder (such as 
the 7447) driving a single display character, as repre¬ 
sented by Figure 1. Thus, two ICs, seven current limiting 
resistors, and about 45 solder joints were required for 
each digit of output. Consider how traditional tech¬ 
niques might be (mis-)applied in designing a microproc¬ 
essor system: the designer could add a latch, encoder, 
and resistors for each digit of the display. Still another 
latch and decoder could be used to turn on one of the 
decimal points (if used). The characters displayed could 
only be a sequence of decimal digits. In the same vein, a 
large matrix of key switches could be read by installing 
an MSI TTL priority encoder read by an additional input 
port. Not only would ail this use a lot of extra I/O ports 
and increase the system price and part count drastic¬ 
ally, but the flexibility and reliability of the system 
would be greatly reduced. 


■►V 



CIRCUIT REPEATED FOR EVERY DIGIT OF DISPLAY 
(DOTS USED TO INDICATE SOLDER JOINTS) 


Figure 1. Wrong Way to Design Multiple Digit Displays for 
Microcomputer Systems 
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Instead, a scheme of time-multiplexing the display can 
be used to decrease costs, part count, and interconnec¬ 
tions, while allowing a wider range of character types to 
be used on the display. The techniques used here are 
fairly typical of today’s integrated subsystems designed 
especially for controlling Keyboards and displays (such 
as in calculators or the Intel® 4269, 8278, and 8279 Key¬ 
board/Display Controller Devices). 

In a multiplexed display, all the segments of all the 
characters are interconnected in a regular two-dimen¬ 
sional array. One terminal of each segment is in com¬ 
mon with the other segments of the same character; the 
other terminal is connected with the same segments of 
the other characters. This is represented schematically 
in Figure 2. A digit driver or segment driver is needed for 
each of these common lines. 


ALL ALL ALL ALL ALL ALL 

SEGMENTS SEGMENTS SEGMENTS SEGMENTS SEGMENTS SEGMENTS 
OF 1ST OF 2NO OF 3RO OF 4TH OF 5TH OF 6TH 
DIGIT DIGIT DIGIT DIGIT DIGIT DIGIT 


\ \ ^ ^ ^ ^ 
































1 



1 1 
























♦ t ♦ * 


SEGMENTS OF 
ALL DIGITS 


■ b" SEGMENTS OF 
ALL DIGITS 


"c" SEGMENTS OF 
ALL DIGITS 


■ d -SEGMENTS OF 
ALL DIGITS 


SEGMENTS OF 
DIGITS 


-r SEGMENTS OF 
DIGITS 


■'S 'SEGMENTS OF 
ALL DIGITS 


DECIMAL POINTS OF 
ALL DIGITS 


CURRENTSUNK BY 
DIGIT DRIVERS 


Figure 2. Schematic Representation of 6-Digit, 7-Segment 
Common-Cathod LED Muitipiexed Display 


The various characters of the display are not ail on at 
once; rather, only one character at a time is energized. 
As each character is enabled, some combination of seg¬ 
ment drivers is turned on, with the result that a digit 
appears on the enabled character. (For example. In Fig¬ 
ure 3, If segment drivers ‘a’, ‘b’, and ‘c’ were on when 
character position #6 was enabled, the digit *7’ would 
appear in the left-most place.) Each character is enabled 
in this way, in sequence, at a rate fast enough to ensure 
that the display characters seem to be on constantly, 
with no appearance of flashing or flickering. 

In the system presented here, these rapid modifications 
to the display are all made under the control of the MCS- 
48 ^m microcomputer. At periodic Intervals the com¬ 
puter quickly turns off all display segments, disables 
the character now being displayed and enables the next, 
looks up the pattern of segments for the next character 


to be displayed, and turns on the appropriate segments. 
With the next character now turned on, the processor 
may now resume whatever it had been doing before. The 
whole display updating task consumes only a small frac¬ 
tion of the processor’s time. 



Figures. Segment and Digit Drivers used with 6-Position, 7-Segment 
LED Dispiay 


Moreover, since the computer rather than a standard 
decoder circuit is used to turn the segments off and on, 
patterns for characters other than decimal digits may be 
included in the display. Hexadecimal characters, spe¬ 
cial symbols, and many letters of the alphabet are pos¬ 
sible. With sufficient imagination this feature can be ex¬ 
ploited for some applications, as suggested by the 
examples in Figure 4. 


UOI I i~i OOi I o 

I //_/_/_/_/ ; /_/_/_/ /_ 

O /_ _ / /z/_/ 

/ Ui- l—Ull I II I _///_/c 

I I I I I II 

I //_///_/ iziuccon in 

_'/_ /“/ n 

uui I /_ zcon 

i~ III ii~ 

i—iooo ~o oo 


Figure 4. Examples of Typical Messages Possible with Simple 
7-Segment Displays 
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As each character of the display is turned on, the same 
signal may be used to enable one row of the key matrix. 
Any Keys in that row which are being pressed at the time 
will then pass the signal on to one of several “return 
lines”, one corresponding to each column of the matrix. 
(See Figure 5.) By reading the state of these control 
lines, and knowing which row is enabled, it is possible 
to compute which (If any) of the keys are down. Note 
that the keys need not be physically arranged in a rec¬ 
tangular array; Figure 5 is merely a schematic. 


machine cycles. (One machine cycle occurs every 30 
crystal oscillations for the 8021 and 8022, or every 15 
oscillations for ail other members of the family.) A more 
detailed explanation of these variables is included in the 
listing. 

Port assignment is also at the discretion of the user — 
all port references in the listing are “logical” rather than 
physical port names. The port used to specify which 
character is enabled is referred to as “PDIGIT”. The out¬ 
put segment pattern is written to “PSGMNT” and the 
keyboard return lines are read by “PINPUT”. These 
logical port names may be assigned to whichever ports 
the user pleases. 


COLUMN 1 COLUMN2 COLUMNS COLUMN4 
RETURN RETURN RETURN RETURN 


LINE LINE LINE LINE 



FROM SWITCHES ON 
ADDITIONAL SCAN LINES 


FigursS. Schwnatic of X-Y Matrix Multiplexed Keyboard 


By way of example, the breadboard used to develop and 
debug this software used a matrix of 16 single-pole 
pushbuttons and an 8-character common-cathode LED 
display with right-hand decimal point. No decoders ex¬ 
ternal to the 8748 microcomputer were used; all logic 
was handled through software. PDIGIT was the 8-bit 
bus, PSGMNT was port 1, and PINPUT was port 2. The 
drivers used were 75491 and 75492 logically non¬ 
inverting buffers: high level inputs were used to turn a 
segment or character on. Pull-up resistors were used on 
the 8748 output lines to source the current levels 
needed by the buffers. The 8748 was socketed on the 
breadboard, and was driven with an inexpensive 3.59 
MHz television crystal. The short test program included 
in this listing was used to echo key depressions as they 
were detected, and to invoke four demonstration sub¬ 
routines. A summary of the subroutines Included in this 
listing with a short explanation of the function of each is 
included in Figure 6; Figure 7 shows how the various 
utilities interact. 


Since each character is on for only a small fraction of 
the total display cycle, its segments must be driven with 
a proportionately higher current so that their brightness 
averages out over time. This requires character and seg¬ 
ment drivers which can handle higher than normal levels 
of current. Various types of drivers can be used, ranging 
from specially designed circuits to integrated or dis¬ 
crete transistor arrays. The selection depends on 
several factors, including the type of display being used 
(LED, vacuum flourescent, neon, etc.). Its size, the 
number of characters, and the polarity of the individual 
segments. Some drivers have active high inputs, some 
active low. Some invert their input logic levels, some do 
not. Some require insignificant input currents, some 
present a considerable load. Some systems use exter¬ 
nal logic to enable one of N characters or to produce the 
appropriate segment pattern for a given digit, some sys¬ 
tems implement these functions through software. 

Because of these and the other variables which make 
each application unique, provisions are made in the first 
page of symbol EQUates to allow the user to specify 
such things as the number of characters in the display 
or the polarity of the drivers used, and the program will 
be assembled accordingly. The display is refreshed on 
each timer interrupt, which occurs every 32 x (TICK) 


KBDIN Keyboard Input. Waits until one keystroke input has been received 
from the keyboard: determines the meaning or legend of that key. and 
returns with the encoded value in the accumulator. 

CLEAR Blank out the display. 

ENCACC Encode accumulator with bit pattern corresponding to the segment 
pattern needed by the display to represent that symbol or character. 
Uses the value of the accumulator when called to access a table con¬ 
taining the patterns for all legal input values. 

WOlSP Write into Display. Writes the bit pattern in the accumulator into the 
next character position of the display. Maintains a character position 
counter so that repeated calls will automatically write characters into 
sequential positions. 

RENTRY Right-hand Entry. Stores the accumulator segment pattern in the 
display in the right most character position. Shifts all other characters 
to the left one place. 

PRINT Print a string of arbitrary characters onto the display. Useful for pro¬ 
mpting messages, warnings, etc. Uses a table of segment patterns in 
ROM. so that messages will not be restricted to numbers, letters, etc. 

FILL Fill the display with the character pattern in the accumulator. Useful 
for writing dashes, segment test patterns, etc., into all character posi¬ 
tions. 

ECHO Wait for a key to be pressed by the operator and write that key onto 
the display. Used for providing feedback to the operator when enter¬ 
ing numeric data. etc. 

RDPADD Adds or deletes a decimal point to the character at the right-hand side 
of the display, for entering floating point numbers. 

HOLD Called when a key is known to be down. Does not return until all keys 
have been released. Used for organ-type keyboards, or when some ac¬ 
tion should not be initiated until the key invoking that action has been 
released. 

DELAY Provides a crude real-time delay corresponding to the value of the ac¬ 
cumulator when called. Can be used to cause display characters to 
blink, to momentarily flash information, to enable a buzzer, etc. Could 
also be used by the program when delays are needed, such as to slow 
down the computer reaction rate whiie playing a game against the 
human operator. 

Figure 6. Utility Subroutine Definitions 
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CLEAR PRINT ECHO RDPADD HOLD DELAY 

FILL WDISP 


KBDIN ENCACC RENTRY 

Figure 7. Subroutine Inlerreietionehipe 



Figure 6 Prototype Syetem Schemettc 
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ISIS-II MCS-48/UPI-41 mm RS5EI1BLER, V2 8 

flP48: INTEL MCS-48 KEVBOftRD/DISFlRV RPPLlCflTION NOTE fiPF'ENDIX 

LOC OBJ SEO 'Smri STflTEHENT 

1 $«flCRJjFILE XfttF 

2 ITITLE<^ftF’40; INTEL HC:S-48 KEVBOflRD/DISPLfiV ftPPLICBTION NOTE APPENDIX' ) 

5 ; 

4 ;THE FOLLOWING SOFTWARE PAC-KAGE PROVIDES A SEVEN SEGMENT DISPLAY 

5 ; INTERFACiE FOR MICROj:OMF‘UT£RS IN THE INTEL MCS-4S FAMILY 
S ..THE CODE IS WRITTEN SO THAT 'VARUXIS HARDWARE 

? .CWIGUF-AUONS CAN BE ACCOWiDATED BV RE[€FIMN»j THE INITIHL VHF:IABLES 

8 , IN MOST SITUATIONS, THE KEY^BOARD/DISPLAY INTERFACE HILL BE REQUIRED TO 

9 .IMPLEMENT MORt SOPHISTICATED SINGLE-CHIP SYSTEMS (CaCURTORS.SCALES.CLOCKS. 

10 ,ETC. >,. WITH SECTIONS OF THE FOLLOWING CODE SELECTED AND MODIFIED AS NECESSARY 

11 iFOF: EACH APPLICATION. 

12 

IS ..A SIWjLE SimiUTINE niaLED REFRSH) IS USED TO IMPLEMENT BOTH THE DISPLAY 

14 ^MIXTIPLEXING AND KEYBOARD SCAT^^ING. USING THE SAME SIGNAL BCiTH TO ENABLE 

15 .;IM CHARACTER OF THE DISPLAY m TO STROBE ONE m OF THE X-V KEY MATRIX. 

16 , THE SUBROUTINE MUST BE CALLED SUFFICIENTLY OFTEN TO ENSURE THE DISPLAY 

17 ..CHARACTERS DO NOT FLICKER- AT LEAST SO COMFIETE DISPLAY SCANS PER SEC»3ND, 

IS .TO ACCOMfX>ATE SWITCHES OF ARBITRARY CHEFPNESS. THE DEBOUNCE TIME CAN BE 

19 iSET TO BE ANY DESIRED NUMBER OF CXjMFIETE SCANS 

20 , THUS THE DEBiXiNCE TIfff IS A FLWCTION OF BOTH THE SCAN RATE AND THE VALUE 

21 .iOF CJJNSTANT 'DEmt ' 

22 i 

25 .;IN THIS LISTIIilG, THE INTERNAL TIMER IS USED TO GENERATE INTERRUPIS THAT 

24 i SERVE AS A TIME BASE FOR THE REFRESH SUBRaiTINE. 

25 .^aTERNATE TIME BASES MIGHT a AN TXTERNa OSCILLATOR (DRlIVING Ta iNTERaiPT 

26 OR PaLED BV A TEST OR INPUT PIN), A SOFTWARE DELAY LOOP IN Ta BaKGROUND 

27 .PR-OGRAM.. OR aRIODIC CaLS TO Ta SUBRaiTia FROM THROUGHOUT la USER'S PROGRAM 

28 .iAT aPROPRIATE aACES. 

29 ; IN TaSE CASES, Ta COC€ STARTia AT LABEL TIINT aiMER INTERRUPT) ANT^ TIRET 

50 (TIINT REIURN) COULD STILL a U^D TO SAVE AND RES10RE aCUMafiTOR CONTENTS 

51 -m INTERF 1 JFT SERVICia ROUTia SELECTS REGISTER BANK 1 

52 ;FOR la aE^D AGISTERS 

55 ,• 

54 , 

55 .; WRITTEN BV -Jm WHAR:TON.. INTEL SiaLE-CHIP COa'UTER APPLICATIONS 

56 , 

57 lEJECT 
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LCC OBJ SEQ SOlJRCE STfiTEHE.NT 

:<8 . IN THIS IHPLEIIENThTICjN of 1>€ DI5PLHV SCfiN. IT IS HSSUMED iHHT THERE WILL 
59 ..BE RELfiTIVELV LITTLE I/O OTHER THHN FOR THE KEVBJJHRD/DISFlfiV 

40 IF THIS IS THE C8SE.. THEN THERE IS NO NEED FCfR FOR RNV flDDITIONRL EXTERNHL 

41 .LOGIC ^SIXH 8S ONE-OF-EUjHT DECODERS OP SEVEN-SE^MNT ENCIMRS:'. THOUGH 

42 .THERE WILL STILL BE ft NEED FOR DJR'RENT OR ViXTRGE DRIVERS. fCCORDING TO 

43 ;THE TVPE OF DISPLfiV BEINij USED 

44 ; 

45 .. IN THIS LISTINij.. THE ^XiCESm I.'O FWS RR’E LOGlCfiLLV DIVIDED HS FOLLiJWS 

46 . 

47 .ipDIGIT-EIGHT BIT PORT USED TO ENHBLE.. ONE 8T ft TIME,. THE INDIVILUHL 

48 CHftRftCTERS OF ftN EIGHT DIGIT SEVEN-SEIjHENT DISPLftV. WHILE HLSO 

49 .. STROE'INij THE ROWS Of ftN X-V HfiTRIX KEVBOftF’D 

50 , BIT? ENftBLES THE LEFTMOST CHftRftiTTER HND THE BOTTW ROW OF THE KBO.- 

51 . BIT4 ENTRIES THE TOP ROW OF THE 4X4 KBD ftND THE FtTURTH CHftRftCTER. 

52 ; BIT0 ENftBLES THE RIOTTMOST CHftRftC:rER 

53 .. (ft 4X8 KEVBOftRD COULD BE STRiOBED BV ftLSO USING BITS-BITO 

54 . m EXTENC'II^i OR EIIMlNftTING THE TRE-LE.- "LEijNOS‘* > 

55 . THE ENftBLING OF ONE BIT (ftiCTIVE HIi3H OR LOW) IS ftCCOMiX>ftTED BV 

56 . ftCCESSING ft LOOK-UP TABLE CALLED CHR'STB 

57 . THIS TECHNIQUE TAKES ftBOlJT FOUR: BVTES MORE RiJtl THAN A rECHNIQt.lE 

58 . OF ROTATING A TM' THRCH.IGH A FIELD OF ZEROES'' IN THE ACC 

59 . AN APPROPRIATE NUMBER OF TIMES.- BUT IT ALLOWS SOME ADDITIONAL 

60 .. FLEXftBILITV: IF THE DRr»€RS BEING USED HAVE A COMBINATORIAL INF’UT 

61 ; (AS IN THE 7545X FAMILY HUjH-CURRENT.. HUjH-VOLTAGE DRIVERS). 

62 .. THE CHRSTB TABLE COULD PROVIDE ENCODED OUTPUTS. NINE DIGITS, FOR 

63 , EXAMFIE.. COllD BE ENABLED WITH SIX BITS OF (BUFFERED> OUTPUT 

64 < 001001.. 001018, 0011^, 010001, 010010. 018100, 100801, 100010.- 100100) 

65 .- IF I/O LINES NEED TO BE CONSERVED, OR IF MANY DIGITS 

66 - MUST BE DISPLA'YEIi, AN EXTERNAL DECODER CaiLD BE ADDED TO THE SYSTEM. 

67 .- DURlIHG CHftRfCTEP TRANSITIONS A "BLANK' CHflRACTER IS 

68 ; EXPLICITLY WRITTEN fO THE DISPLAY THUS, 

69 ; THERE HILL BE NO CHffl?ACTEP "SHADOWING' CAUSED BY THE 

70 . FACT THAT TT€ WIRDWARE OR SOFTWARE DECiMR KEEPS ONE 

71 .- aiTPlJT, ftND THUS m CHARACTER.- ftCTIVE AT aL TIMES 

72 .i 

73 , PSi3MNT-EIGHT BIT PORT TO ENABLE THE SEVEN SEGMENTS « D P OF A STRIC^D 

74 DISPLAY 

75 , BIT7-BIT0 CORRESPOND TO THE DP AND SEGMENTS 6 THROUGH ft.. RESPECTIVELY. 

76 . IT IS POSSIBLE TO ACCOMODATE 

77 , DRIVERS WHICH ARE EITHER LiDGUmV INV’ER’TINij m NON-INVERT I NJj BV 

78 , SETTING VARIABLE "SEGPOL" (SEGMENT POLARITY). 

79 : NOTE THAT BV HAVING ffl?6ITRARV CONTROL OVER EACH SEOIENT, NON-WMRIC 

80 . CHARACTERS CAN BE REPRESENTED ON R SEVEN SEGMENT DISPLAY’. 

81 , AS SHOWN IN EXAMPLE SUBROUTINE "TEST2/ 

82 

83 lEJECT 
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PAGE S 


ISIS-II MCS-48/UPI-41 MACRO ASSEMBLER. V2. 0 

AP40 INTa MCS-48 KEVBOAR[VX'ISPLAV APPLICATION NOTE APPENDIX 

LOC; OBJ SEQ SOURCE STATEMENT 

84 .PINPIJT-FOUR HIGfHJRDER BUS USED AS INPUTS FROM THE KEYBOARD RETURN LINES 

85 .. ASSUMES THAT A KEY DuHN IN THE CURRENTLY ENfilLa ROW WOULD RE1URN 

86 ; A LOW LEVa. 

87 IN THIS CASE. BIT7 RETURNS THE LEFTMOST COLUMN. BIT4 THE RIGHTMOST 

88 i THE HIGH-ORDER BITS ARE USED SO THAT IF AN IJFF-CHIP DECODER IS USED 

89 i TO ENABLE UF‘ TO 16 CHARACTERS. FOR EXAMPLE. IT OJULD BE DRIVEN BY 

90 m LOW mm BITS OF THE SAME PWl. 

91 . NOTE ALSO THAT IF A SIXTEEN KEY MATRIX l€RE aECTRICALLY ORGANIZED 

92 IN A 2X8 ARRAY. ONLY TWO RETURN LII^S WaiD BE NEEDED. 

93 (IN THIS CASE. PERHAPS TO m T1 CaiLD BE USEI^ FOR INPUT BITS ) 

94 i 

95 .PULL-UP F-ESISTORS W THE RETURN LINES MIGHT BE IN iDRDER IF THERE IS ANY 

96 .POSSIBILITY OF A HIGH-IMPEDErCE CONDUCTIVE PATH J}m.m TIC SWITCH WHEN 

97 IT IS SUPPOSED TO BE "OPEN \ 

98 . (THIS PHENOMEW3N HAS ACTU«.LV BEEN OBSERVED ) 

99 i 

100 .THE DRIVERS USED IN THE PROTOTYPE WERE ALL NON-INVERTING IN THAT 

101 ;A HIGH LEVEL ON AN OUTPUT Lift IS USED TO TURN A CHARlACTER OR SE»jMENT ON 

102 ; THERE ARE A TOTAL OF SEVEN 1/8 LINES LEFT 0‘VER. 

103 i 

104 . THE ALGORITHM FOR DRIVING THE DISPLAY USES A ^OCK OF INTERNAL RAM 

105 .iAS DISPLAY REGISTERS. WITH ONE BV‘TE CURRESPOfC^lNG TO EACH CHARACTER OF THE 

106 ; DISPLAY THE EIGHT BITS OF EACH BYTE CORRESPOM) TO THE SE'/EN SEijMENTS 4 DP 

107 .OF EACH CHARACTER, IF AN EXTERNAL ENCODEI? IS USED (SUCH AS A FOUR-BIT TO 

108 ,iSEVEN-SE91ENT ENCODER OR A ROM FOR TRANSLATING ASCII TO 

109 . SIXTEEN-SEOCNT “5TARBURST" DISPLAY PATTERNS). THE Jmi ENTRIES WdXD HaD 

110 .THE CHARACTER CODES. (IN THE FORTIER CASE. AN UNUSED BIT COaD BE USa TO 

111 .^ENAaE T>€ D P ) 

112 THUS. WRITING CHRRAC:TERS TO THE DISMAY FROM THE BACKGROUND PROGRAM 

113 .REAaY ENTAILS WRITING THE f^RaRlATE SEGMENT 

114 .J PATTERNS TO A DISPLAY REGISTER- THE aTUAL OUTPUTTING IS AUTOMATIC. 

115 .jTHE leftmost CHARACTER CORRESPOrC'S TO THE LAST BYTE Of THE DISFIAY 

116 .REGISTERS. AND IS ACCESSED BY N£XTPL=8 (SEE SOURCE); THE RIGHTMOST 

117 CHARACTER IS THE FIRST DISPLAY BYTE. HI€N NEXTPL=1. 

118 ; UTILITY SUBROUTINES ARE INCLUDED HERE TO TRANaATE FOUR BIT NUMBERS TO HEX 

119 ; DIGIT PATTERNS. AND WRITE THEM INTO THE DISPLAY REGISTERS SEQUENTlAUV 

120 .; (EITHER FILLIWj FROM THE LEFT- H. P. CacaATOR STYLE OR FROM THE 

121 ;RiaiT- T. I STYLE. SUBRaiTINES WDISP AND RENTR*V. RESPECTIVELY). 

122 . 

123 ;THE KEYBOARD SCANNING aGORITHM SHOWN HERE REQUIRES A KEY BE DOWN FOR 

124 jSOME NUf«ER OF COMaETE DISPLAY SCANS TO BE ACKNOWLEGED. SINCE IT IS 

125 .; INTENDED FOR m-FINGER" OPERATION. TWO-KEY RaLOVER/N-KEV lOCmi HAS 

126 ;BaN IMaEMENTED. HOWEVER. MODIFICATIONS WOaD BE POSSiaE TO aLOW. FOR 

127 .EXAMPLE. ONE KEY IN m MATRIX TO BE USED AS A SHIFT KEV OR CONTRa KEY 

128 .;TO BE aLD DOWN WHILE ANOTaR KEV IN Ta MATRIX IS PRESSED. (SEE aiTE WITHIN 

129 . Ta BODY OF Ta LISTING. ) 

130 ; 

131 lEJECT 
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ISIS-II MC5-43/UPI-41 MRCRO ASSEMBLER, V2 B PAGE 4 

AP40: INTEL MCS-43 KEVBOARD/DISPLAV APPLICATION NOTE APPENDIX 

LOC OBJ SEQ SOl.iR'CE STATEr€NT 

132 (BE AWARE THAT NO MORE im TWO KEYS CAN EVER BE DijWN UNLESS Dl(K>ES 

133 ,ARE PLACED IN SERIES WITH ALL OF THE SWITCHES- CERTAINLY NOT THE CASE FOR EL 
124 ..CHEAPO KEYBOARDS- BECAUSE SCJME DjMBINATIONS lT THREE KEYS DOWN HILL RESULT 

135 IN A PHANTOM' Fa^TH KEY BEIWj PERCEI’vtD 

136 .THE PHANTOM KEY WOlXD BE THE FOURTH CORNER' WHEN THREE KEYS FORMING 

137 ..A RECTANGULAR PATTERN (IN THE X-Y KEY MATRIX) ARE DOWN. > 

138 , IF DIODES m PLACED IN THE SCANNING ARRAY.. CONSIDERATIONS MUST BE MADE 

139 ,ABaiT HOW THE DIODE WTfiijE DR:OP WILL AFFECT INPUT LOGIC LEVELS. 

149 , 

141 ;WHEN A DEBCH.INCED KEY IS DETECTED, THE NUMBER OF ITS PL6ITION IN THE KEY 

142 ; MATRIX (LEFT-TO-RIQHT, BOTTOM-TO-TOF, STARTING FROM 09) IS PLACED INTO 

143 .RAM LOCATION 'KBDBLF' FW INPUT SUBRiCWJTINE THEN NEED ONLY READ THIS LOCATION 

144 .REPEATEDLY TO DEI ERMINE WHEN A KEY HAS BEEN PRESSED. WHEN A KEY IS DETECTED.. 

145 ,R SPECIAL CODE BYTE SHOULD BE WRIHEN BAi:K TO INTO 'KBDBUF TO PREVENT 

146 REPEATED DETECTIONS OF THE SAME KEY 

147 .THE ROUTINE KBDIN DEMONSTRATES A TYPICAL INPUT PROIOCOL, ALONG WITH A METHOD 

148 TRANSLATING A KEY POSITION'TO ITS ASSOCIATED SIGNIFICANCE BY ACCESSING 

149 .STABLE 'LEGNDS' IN ROM. 

150 . 

151 $EJECT 
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ISIS-II Mi:S“4ft/UPl>41 tIftCRO ASSEMBLER, V2.0 PAGE 5 

HP40: INTEL l1CS-4fi KEVBOARDkT:)ISPLAV APPLICATION NOTE APPENDIX 


U£ m SEQ SaiRCE STATEMENT 



0010 

158 

PDIGIT 

m) 

BUS 

iUSED TO ENABLE CHARACTERS AND STROBE ROWS OF KEYBOARD 

00E1S 

159 

PSOr-WT 

EQU 

PI 

;USED TO TURN ON SEGMENTS OF CURRENTLY ENABLED DIGIT 

0009 

160 

PINPUT 

m 

P2 

,P0R:T USED TO SCAN FOR KEY CLOSURES 


161 




;<NOTE T^T THIS PORT ALLaAlION USES THE HIGHER 


162 




i CURRENT Sa»?CING ABILITY OF THE BUS TO SWITCH ON THE 


162 




DIGIT DRI'VERS, AND LEA'i/ES P22-P20 FREE FOR USING 


164 




iAN 8242 PORT EXPANDER IN THE SYSTEM. ) 


165 

; 




0000 

166 

POSLOG 

EOU 

wn 


00FF 

167 

NEGLOG 

EQU 

0FFH 



168 





0000 

169 

CHRFfJL 

Eai 

pcaciG 

i DEFINES WICTHER ^TPUT LINES ARE ACTIVE HI OR LOW 

0000 

170 

SEGPfX 

EQU 

POSLOG 

i\FOR DRIVING CHARACTERS m SEGMENT PATTERf6 

00F0 

171 

INPMSK 

EQU 

8F0H 

; DEFINES BITS USED AS INPUT 


172 

; 




0008 

172 

CHAR!N0 

EQU 

8 

NUMBER OF DIGITS IN DISPLAY 

0004 

174 

NROHS 

EfAl 

4 

.;ROWS OF KEYS (LESS THAN OR EQUAL TO CHARNO) 

0004 

175 

NCOLS 

EQU 

4 

LESSER DIMENSION OF KEYBOARD MATRIX 


176 

j 




FFF0 

177 

TICK 

EQU 

-10H 

..DETERMir€S INTERRUPT INTERVAL 

0064 

178 

DEBNC:E 

EQU 

4 

NUfCER OF SUCESSIVE SCANS BEFORE KEY CLOSURE ACCEPTED 

0^ 

179 

BLANK 

EQU 

m 

iCODE TO BLANK DISPLAY CWACTERS. 


180 




, (WOJJLD BE 20H IF ASCII DECODING ROM USED OR iSFH IF 


181 




,7447-TVPE SEVEN-SEGMENT DECODER EXTERNAL TO 8748) 


182 





000F 

182 

ENCMSK 

EQU 

0FH 

;SELECTS WHICH BITS ARE RELEVANT TO ENCACC SUBROUTINE 


184 . 

185 $EJECT 
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ISIS-II I1CS-48/UPI-41 MflCRO ASSEMBLER. V2.0 PAGE 6 

AP48; INTEL MCS-48 KEVBOARD/DISPLAV APPLICATION NOTE APPENDIX 

LOC OBJ SEQ SOURCE STATEMENT 

186 *3Mt*****3Mt*+**4a|«***JWt*****+t***>Wt3Mt*i‘*>|e****t*5Mt*+***J»tiK**3l«** 

187 

188 ; BANK 0 REGISTERS IJSED 

189 . 

190 ;POINTERS USED FOR INDIRECT RAM ACCESSING; 


0000 

191 PNTR0 

EQU 

R9 


0001 

192 PNTRl 

EQU 

R1 


0007 

192 NEXTPL 

EQU 

R7 

.USED TO KEEP TRACK OF CHARACTER POSITION BEING 


194 



.WRITTEN INTO 


195 ; 





136 *****:¥*******************^**^*******t********^***^^ 


197 ; 





198 

BANK 1 REGISTER ALLOCATION 


199 .i 

200 .PNTR0 

EQU 

R0 

(ALREADY DEFINED) 


201 .PNTRl 

EQU 

R1 


0002 

202 ASAVE 

EQU 

R2 

; HOLDS ACCUMULATOR VALIX DURING SERVICE ROUTINE 

0004 

202 ROPAT 

EQU 

R4 

.;USED TO HOLD INPUT PATTERN BEING ROTATED THROUGH CV 

0805 

204 ROTCNT 

EQU 

R5 

; COUNTS NUMBER OF BITS ROTATED THRaiGH CV 

OCTTO 

205 LASTKV 

EQU 

R6 

;HC1DS KEV POSITIW OF LAST KEV DEPRESSION DETECTED 

0007 

206 omiQ 

EQU 

R7 

iHClDS POSITION OF NEXT CHfmTER TO BE DISPLAYED 


207 ^ 

209 i 

210 DATA m ALLOCATION 

211 ; 

0020 212 NREPTS EQU 22 .KEEPS TRACK OF EXCESSIVE READS OF SAME KEVSTROKE 

0021 212 KEVLOC EQU 22 ; INCREMENTED AS SUCCESSIVE KEV LOCATIONS SCAfWED 

0022 214 KBD6UF EQU 24 ; CARRIES POSITION OF DEBOUNCED KEV FROM REFRSH ROUTINE 

215 iS BACK TO BACKGROUND PROGRAM 

0022 216 RDELAV EQU 25 ; NON-ZERO WHEN DISPLAY IN PROGRESS 

217 ; 

218 THE LAST <CHARNO> REGISTERS HOLD THE DISPLAY SESIENT PATTERNS 

219 ; 

0027 220 SEGMAP EQU (62-CHARNO) ; BASE OF REGISTER ARRAY FOR DISPLAY PATTERNS 

221 A (COULD BE ANYWHERE IN INTERNAL RAM) 

222 J 

224 ; 

225 . NOTE THAT LASTKV. CURDIG. AND FI RETAIN STATUS INFORfWTION FROM 

226 ; ONE INTERRUPT TO Tf€ NEXT. ALL OTHER REGISTERS MAY BE USED IN 

227 j THE USER^S OWN INTERRUPT SERVICING ROUTINE 

228 ^ 

220 

221 $EJECT 
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ISIS-II MCS-48/UPI-41 MfiCRO RSSEMBLER, VZ 8 P9X£ 7 

flP40: INTEL MCS-48 KEVK3flRD/DI5PLflV flPPLlCflTION mJE APPENDIX 


LOG OBJ SEQ SOURCE STATEMENT 


eeee 

0008 0460 


0007 


000C 1410 


232 

233 

234 ; 

235 ORG 

236 

237 ; 

238 ; 

239 

240 ; 

241 ORG 

242 ; 

243 jTIINT 

244 i 

245 

246 

247 .. 


@00H 

JMP 


807H 


INIT 


0007 D5 

248 TIINT: 

SEL 

RBI 

0008 RA 

249 

MOV 

RSAVE,A 

0009 23F0 

250 

MOV 

A, iTICK 

0006 62 

251 

MOV 

T..fi 


252 

253 

254 

255 

256 

257 

258 

259 

260 


TIMER INTERRUPT SUBROUTINE 

CALL MADE TO LOG 007H WHEN TIMER TIt€S OUT 

TIMER CAN BE RE-INITIAUIZED AT THIS POINT IF DESIRED. 

USED HERE TO CAUSE THE DISPLAY RffRESH AND KEY SCAN ROUTINES TO 
BE CALLED PERIODICALLY. 


; RELOAD TIMER INTERVAL 


THE USER'S OMN TI^CR INTERRUPT ROUTII€ (IF IT EXISTS) COULD 
BE PLACED AT THIS POINT 


CALL REFRSH 


;CAUSE DISPLAY TO BE UPDATED 


000E FA 
000F 93 


261 

262 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 


THE COMPLETE INTERRUPT ROUTINE SHIELD BE COPIED HERE 

TO SAVE A FWJ. LEVEL OF SUBROUTINE r€STINa 

IT MRS HRITTEN AS A SUKTOUTINE HERE FOR THE SAKE iDF ClARH Y. 


;TIRET TIMER INTERRUPT RETURN CODE- RESTORES ACC VALUE 
TIRET; MOV A.RSAVE 
RETR 

lEJECT 
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ISIS-II MCS-48/1.PI-41 HflCRO ASSEMBLER.. V2.8 PAGE 8 

flP40; INTEL I1C5-48 KEVBOfiRD/DISPLflV WlICfiTION W)TE APPENDIX 


LOG OBJ SEQ SOURCE STATEMENT 

273 i Jii^ii^ii!i*^^^^it****^****************^t**w*4*-***^ 

274 ;REFRSH SUBROUTINE TO MULTiaEX SEVEN-SEGMENT DISPLAVS 

275 ; EACH CALL CAUSES THE NEXT CHARACTER TO BE DISPLAVED. 

276 ACCORDING TO THE CONTENTS OF THE SEGMAP REGISTER ARRAV 

277 , REFRSH 5H0»XD BE CALLED AT LEAST EVERV MSEC OR SO. 

279 ; 


0010 2300 

280 REFRSH; 

MOV 

A,#BLANK. XOR SEGPOL 

0012 39 

281 

OUTL 

PSGMNT,A 

.: WRITE BLANF: pattern to SEG DRIVERS 

0013 2357 

282 REFRl; 

MOV 

A,#CHRSTB 

•LOOK UP DIGIT ENABLE PATTERN 

0015 6F 

283 

ADD 

A,CURDIG 

,ADD CURDIG DISPLACEI^NT 

0816 A3 

284 

MOVP 

A,0A 

• ENABLE ONE BIT OF ACCUMIXATOR 

0017 02 

285 

OUTL 

PDIGILA 

^ENERGIZE CHARACTER 


286 ; 





287 



..WRITE rtXT SEGMENT PATTERN 

0018 2337 

288 

MOV 

A,#SEGMAP 

LOAD BASE OF REGISTER ARlRAV 

001A 6F 

289 

m 

A,CURDIG 

>ADD CURDIG DISPLACf^NT 

001B A9 

290 

MOV 

PNTRtA 


001C FI 

291 

MOV 

A,@PNTkl 

;LOAD ACC W/‘ NEXT SEGMENT PATTERN 

0eiD 39 

292 

OUTL 

PSGMNLA 

, ENABLE APPROPRIATE SEGMENTS 


293 

295 ,1 THE NEXT l:T^fmTER IS NOW BEING DISPLAVED. 

2% ; THE KEYBOARD SCAN ROUTIf^E IS INTE(»HTED INTO THE DISPLAY SCAN. 

297 . WITH THE OJRRENT ROW ENERGIZED, CHECK IF THERE ARE ANY INPU1S. 

298 ; ♦♦3M5**********+***^****3Mti|£J|c)|c*Jf£****:«c*»J|(iMt*J|(*J»c*******^**3|t4t#3(c* 

299 .: 

001E B821 300 SCAN; MOV PNTR0,#KEVLOC SET POINTER FOR SEVERAL KEYLOC REFERENCES 

0020 0A 301 IN aPINPUT ; LOAD ANY SWITCH CLOSURES 

302 ; 

304 .;## THIS BLOCK OF CODE IS NOT NEEDED BY THE KEYBOARD SCAN LOGIC. ### 

305 .:## HOWEVER, ITS INaUSION WOULD SPEED THINGS UP A BIT BY ### 

306 ,## SKIPPING OVER ROWS IN WHICH NO KE’YS ARE DOWN. ### 

307 .;## IT HAS OMITTED HERE TO CONSERVE ROM SPACE, BUT MIGHT BE ### 

308 ,## f^STORED IF VERV LARGE KEYBOARDS (ESPECIALLY THOSE WITH EIGHT ### 

309 ,## KEYS PER ROW) ARE TO BE USED WITH THIS f^ijORITHM ### 


311 .;## 

CPL 

A 

;ANV CIOSURES DETECTED ARE NOW ONE BITS ### 

312 , ## 

ClMI 

rWL 

A,#INPMSK 

#«« 

313 .i## 

JNZ 

SCANl 

•IF A KEY IN THE CURRENTLY ENABLED Ri3W IS DOWN ### 

314 , ##; 

NO KEY 

IS NOW DOWN SO THE KEVLOC CaWT MAY BE IJPDA7ED DIRECTLY ### 

315 .il# 

MOV 

A, 0PNTR0 

t»# 

316 ## 

ADD 

A, #NCOLS 

### 

317 , ## 

MOV 

0PNTR0,A 

»»# 

318 ## 

JMP 

SCAN6 

##« 


320 ;## IF THIS CODE IS USED, SUBSTITUTE THE -JC SCANS- FOUR LINES ### 

321 .;## HENCE WITH ' JNC SCANS' TO ACCOMODATE TI€ INVERTED POLARITY ### 

323 lEJECT 
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flP40; INTEL I1CS-48 KEVBOftRD/DISPLfiV fiPPLICflTION NOTE APPENDIX 


LOG OBJ 


SEQ 


SOURCE STATERENT 


dm sm 

0023 F7 
0024 AC 
0025 F63F 


0027 A5 
0028 B5 


324 

325 

326 

327 > 

328 SCANl: 

329 NXTLOC; 

330 

331 

332 

333 

334 

335 

336 

337 

338 

339 

340 

341 

342 

343 

344 

345 

346 

347 

348 

349 

350 

351 

352 

353 

354 

355 

356 

357 


ROTATE BITS THROUGH THE CY WHILE INCREMENTING KEVLOC. 


MOV ROTCNT,#NCOLS ;SET UP FOR <:NC0LS> LOOPS THROJ.IGH "NXTLOC" 

RLC A 

MOV ROTPALA iSAVE SHIFTED BIT PATTERN 

JC SCRN5 ;ONE BIT IN CV INDICATES KEV NOT DOWN 


AT THIS POINT IT HAS JUST BEEN DETERMINED THAT THE VALUE 
OF KEVLOC IS THE POSITIC^ OF A KEV WHICH IS NOW DOWN. 

THE FOLLOWING CODE DEBOUJCES THE KEV. ETC. 

IF MODIFICATIONS TO THE KEYBOARD LOGIC. I. E. THE INaUSION 
OF A SHIR. CONTRa.. OR MODE KEV IN THE KEV MATRIX ITSELF) 
ARE DESIRED. THEY SHOULD BE MADE AT THIS POINT. BEFORE 
THE DEBOUNCE LOGIC BEGINS FOR EXAMPLt. AT THIS POINT 
KEVLOC COULD BE COMPARED AGAINST THE POSITION OF THE MODE 
KEV. AND IF THEY MATCH SR SOf€ FLAG BIT AND JUMP TO 
LABEL "SCANS" OR. BV COMPARING KEVLOC AfflINST THE LAST 
KEV DEBOUNCED. IMMEDIATE TWO-KEV ROLLOVER COULD BE 
WLEMENTED. 


CLR 

C?L 


FI 

FI 


irn^ THAT AT LEAST ONE KEV HAS DETECTED 
IN THE CURRENT SCAN 


0029 F0 

358 

MOV 

a 0PNTR0 

002A 2£ 

359 

XCH 

A.LASTKV 

002B DE 

360 

XRL 

A.LASTKV 

002C B820 

361 

MOV 

PNTR0.#NREPTS 

002E C634 

362 

JZ 

SCAN3 


A KEYSTROKE HAS DRECTED FOR THE CURRENT COLUMN ITS 

POSITION IS IN REGISTER KEVLOC. SEE IF SAME KEV SENSED LAST CYCLE 


;PNTR0 STILL HOLDS IKEVLOC 


PREPARE TO CHECK AND/OR MODIFY REPEAT COUNT 


363 

364 $EJECT 
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:5mJKUt ilHItPItNI 


355 ; 

366 :■ fl DIFFERENT KEV HfiS REftD i» THIS CVaE THflN ON THE PREVIOUS CYCLE. 

367 .> SET NREPTS TO THE C€BOUNCE PflRfllCTER FOR ft NEW COUNTDOMN 

369 i 

0030 0004 370 HOV 0PNTR0. »DE6NCE 

0032 043F 371 JMP SCANS 

372 i 

374 ; SflHE KEV HfiS DETECTED flS ON PREVIOUS CYCLE 

375 .. LOOK fiT NREPTS; IF ALREfiDV ZERO, DO NOTHING. 

376 ; ELSE DECREHENT NREPTS. 

377 IF THIS RESiXTS IN ZERO, PK)VE LfiSTKV INFO KBDBUF. 

378 ; itBiif**^*****^^***^********ir4f****m********4^***^^ 

379 


0034 F0 

380 SCftNi; 

MOV 

aSfPNTRe 


^35 C63F 

381 

JZ 

SCfiN5 

; IF ftLREfiDV ZERO 

0037 07 

382 

DEC 

ft 

; INDICftTE ONE MORE SUCCESIVE KEV DETECTION 

0038 fl0 

383 

MOV 

0F*NTR0,ft 


0039 963F 

384 

JNZ 

SCfiNS 

IF DECREMENT DOES NOT RESULT IN ZERO 

003B FE 

385 

MOV 

ft, LfiSTKV 


003C B822 

386 

MOV 

PNTR0,#KBD6UF 


003E fi0 

387 

MOV 

0PNTR0,fi 

; TO MftRK NEW KEV CLOSURE 


388 ^ 




003F B821 

389 SCfiNS: 

MOV 

PNTR0,#KEVUIC 


0041 10 

390 

INC 

»WrR0 


0042 FC 

391 

HOV 

ft,ROTPftT 


0043 ED23 

392 

DJNZ 

ROTCfn,NXTLOC 



393 , 





394 .; 




0045 EF57 

395 SCfiNb: 

DJNZ 

CURDI6,SCfW9 



396 J 

397 $EJECT 
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AP40: INTa MCS-48 KEVBOf^D/DISPLftV flPPLICftTlON MOTE APPENDIX 

LOC OBJ SEQ SC^CE STATEI€NT 

398 , 

400 i THE FOLLOWING SEGMENT IS USED BV THE KPi'BOARD SCANNING ROUTINE 

401 IT IS EXECUTED ONLV AFTER A REFRESH SEQUENCE OF ALL 

402 ; THE CHARACTERS IN THE DISPLAY IS COfRETED 

404 


0047 BF08 

405 

MOV 

CURDiatCHARNO 


0049 6000 

406 

MOV 

0PNTR0.#0 

.JPNTR0 STia CONTAINS #KEVL0C 

004B 764F 

407 

JFl 

SCANS 

; JUMP IF ANY KEYS HERE DETECTED 

004D BEFF 

408 

MOV 

LASTKY..#0FFH 

; CHANGE <1ASTKV> WHEN NO KEYS ARE DOWN 

004F A5 

409 SCANS: 

CLR 

FI 



410 i 

412 i THE NEXT CODE SEG^ENT IS Tl€ INTERRUPT-DRIVEN PORTION OF THE "DELR-y' 

413 UTILITY. IT DECREMENTS RAM LOCATION "RDaAV'' ONCE PER DISPLAY SCAN 

414 IF 'RDELAV' IS NCa ALREADY ZERO 

416 .i 


0050 B923 

417 

MOV 

PNTRL#RDELAV 

0052 FI 

418 

MOV 

R,0PNTR1 

0053 C657 

419 

J2 

SCAN9 

0055 07 

420 

DEC 

A 

0056 R1 

421 

MOV 

0PNTRLA 


422 J 



0057 83 

423 SCAN9 

RET 



424 ; 

425 i ***!¥ii*****4^*4^*************^***^****^**rtuti********^^ 

42b ^ 

427 i«>«STB IS T^ BASE FOR THE PATTERNS TO ENABLE ONE-OF-CHARNO CHARACTERS. 


0057 

423 CHRSiB 

m 

m 0FFH 

0058 01 

429 

w 

^000000016 XOR CHRPiX) 

0059 02 

430 


',000000106 XOR CHRPOL) 

005A 04 

431 

Db 

<000001006 X*OR CHRPa) 

0fi5E! 08 

432 


- 00091000B :>JOR CHRPOL) 

005C 10 

433 

DB 

<800100006 XOR OmL) 

005D 20 

434 

DB 

^0010000® XOR CFS?POL) 

005E 40 

435 

r-P 

(01000000B XOF: CWOL) 

005F 80 

436 

DB 

<100000008 m CHRPOL) 


43? . 




438 fEJECT 
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flP40: INTEL I1CS-48 KEVB0APP.1>ISPLRV APPLICATION NOTE APPENDIX 


LOC OBJ 

SEQ 

SCrtJRCE STATEMENT 



429 :INIT 

INITIALIZES PRXE5S0F: REGISTERS 

0060 D5 

440 INIT 

SEL 

RBI 


0061 BF08 

441 

MC«V 

DJRD1G.#CHAF:N0 


0062 B822 

442 

MOV 

PNTR0..#KK«lIF 


0065 B0FF 

442 

MOV 

0PHTR0>#0FFH 


0067 B821 

444 

MOV 

PNTR0,#K£VLOC 


0069 B000 

445 

W 

0PNTR0, «8 


0068 22F0 

446 

MOV 

a lINPMSK 


006D 3A 

447 

OUTL 

PINPULA 

;SET BIDIRECTIONAL INPUT LINES 

006E C5 

448 

SEL 

RB0 


006F 149E 

449 

CALL 

aEAR 

iUTILITV FOR SETTING INITIAL DISPLAY REGISTERS. 

0071 85 

450 

CLR 

FI 


0072 22F0 

451 

MOV 

a #TICK 

;L0AD INTERRUPT RATE VALUE 

0074 62 

452 

MOV 

LA 


8075 55 

452 

STR7 

T 


0076 25 

454 

EN 

TCNTI 

ENABLE TIMER INTERRUPTS 


455 .. 

456 ; 

458 ; 

459 iECHO CHECK. FOR ANV NEW KEYSTROKES DETECTED, 

460 . TRWSLATE EACH KEVSTROKE INTO A SEGMENT PAHERN 

461 AND WRITE IT INTO THE APPROPRIATE DISPLAY REGISTER. 

462 

464 : 


0077 1482 

465 ECHO: 

CALL 

KBDIN 

.:GET NEXT KEYSTROKE 

0079 B281 

466 

JB5 

FKEV 

iJUMP IF KEY IN RIGHTHAND COLUMN 


467 / 

SINCE THE ACC IS 

USED BY ENCAa AND RENTRV; ITS CONTENTS MUST 


468 i 

BE PROCESSED OR SAVED BEFORE ENCACC IS CALLED 

007B 14BA 

469 

CALL 

ENCACC 

.iFORM APPROPRIATE SEGMENT PATTERN 

0070 14DB 

470 

CALL 

RENTRV 

;W^ITE PATTERN INTO DISPLAY REGISTERS 

007F 0477 

471 

472 ; 

472 FKEV: 

-JMP 

ECHO 

iLOOP INDEFINITELY 

0081 2400 

JMP 

FUNCTN 

;JUMP TO OFF-PAGE CODE TO CALL DEMO ROUTINE 


474 ; 

475 lEJECT 
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<=fl^40; INTEL MCS-48 KEVBf.WD/DI5PLrtV flPPLICflTION NOTE WENDIX 

LOC OBJ SE& SOURCE STftTEMENT 

477 . 

47S . THE POLLOWING SUBROUTINES IMPLEMENT THE UTILITIES COMMONLY USED FOR 

479 lUJST KEVBOftPD/DISPLflV APPLICATIONS. 

480 J THEY COULD BE USED EXACTLY AS SHOWN HERE OR WAPTED FOR SPECIAL CASES. 

481 ; 

487 ; 

484 ;KBC)IN KEYBOARD INPUT SUO^lOUTINE. 

485 i CCHJLD BE USED TO INTERFACE THE USER'S BACKGROUND PROGRAM HUH 

488 THE INTERRUPT DRIVEN KEYBOARD SCANNER. 

487 . RETIJP:NS ONLY AFTER A NEW KEVSTROKE HAS BEEN DETECTED AND DEBOUNCED. 

488 . ENCOC€D ’VALUE OF KEY (RATHER THAN ITS POSITION IN SWITCH MATRIX) IS 

489 . RETURNED IN THE RCCUMULAIOR. 


0683 B922 

490 KBDIN 

MOV 

PNTR1..IKBDBJ.1F 


0085 2380 

491 

MOV 

a #80H 

iKBDBUF WILL BE MARKED AS CLEAR 

0087 21 

492 

XCH 

A.0PNTR1 

iLOAD BUFFER VALUE 


0088 F283 

493 

JB7 

KBDIN 



008A 038E 

494 

ADD 

A. iLEQNDS 

; ADD BASE OF KEY ENCODING TABLE 

008C A3 

495 

MOVP 

A.0A 

OBTAIN BYTE REPRESENTING KEY SIGNIFICANCE 

008D 82 

496 

RET 





497 . 






498 






499 :LEQNDS IS THE BASE FOR TABLE SHOWING KEY MATRIX SIGNIFICANCE 


500 

FOR 

'^HE KEYBOARD USED IN THE PROTOTYPE. 



501 .J 

KEY LAYOUT IS AS SHOWN TO THE RIGHT. 



502 . 






503 

NOTE THAT BIT6-BIT4 MAY K USED TO ENCODE KEY TYPE. 

IN THIS CASE; 


504 ; 


BIT4 INDICATES REGULAR DECIMAL DIGITS, 



505 . 


BITS INDICATES RIGHT-COLWW FUNCTION KE’VS, 



506 . 


BIT6 INDICATES PUNCTUATION MARKS ( ♦ AND # ). 



507 . 





008E 

508 LEGNDS 

ECHJ 

($ AND 0FFH) .;USE LOW ORDER BITS AS TABLE 

INDEX 

008E 4F 

509 

DB 

4FH 



008F 10 

510 

DB 

10H 



0090 4E 

511 

DB 

4EH 



0091 28 

512 

DB 

28H ; 

PDIGIT4=> 12 3 

<D 

0092 17 

513 

DB 

17H 



0093 18 

514 

DB 

18H i 

PDIGn5=> 4 5 6 

<2> 

0094 19 

515 

DB 

19H 



8095 24 

516 

DB 

24H .: 

PDI6IT6==> 789 

G> 

0096 14 

517 

DB 

14H 



0097 15 

518 

DB 

15H i 

PDIGIT7=> * 0 1 

<4> 

0098 16 

519 

DB 

16H 



0099 22 

520 

DB 

22H 

1 1 1 

! 

009A 11 

521 

[>8 

UH 

1 1 1 

1 

009B 12 

522 

DB 

12H ; 

V V V 

V 

009C 13 

52'3 

DB 

13H i 

PINPUT7 PINPUT6 PINPUT5 

PINPUT4 

009D 21 

524 

DB 

21H 




525 $EJECT 
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LOC: OBJ 

SEQ 

SOURCE 

STATEMENT 




Jc:* ' 

528 .^ClEAR 

WF’ITES 

'BLANK” CHfmTERS INTO aL DISPLAY REGISTERS. 


52? .. 

RETURNS WITH NEXTPL SET TO LEFTMOST CHARACTER POSITION 


530 iPILL 

WRITES SEGMENT PATTERN NOW IN ACC INTO ALL DISPLAY REGISTERS 

B09E 2300 

531 CLEAR 

MOV 

a#BLftNK XOR SEGPOL 

00A0 B938 

532 FILL 

MOV 

PNTRl..#SEGMAPn 

00A2 BF08 

533 

MOV 

NEXTPL. #CHARNO 

0^ A1 

534 CLRl- 

MOV 

0PNTR1, H , STORE THE BLANK CODE 

00A5 19 

535 

INC 

PNTRl ..POINT TO NEXT CHARACTER TO THE LEFT 

00A6 EFR4 

536 

D.JNZ 

NEXTPL.. CLRl 

00AS BF08 

537 

MOV 

NEXTPL.. iCHARNO 

MkQQ O'? 

WWlTf 

538 

RET 



5:?9 ; 

541 : 

542 : PRINT SLIBROIJTINE TO C(FV ft STRING OF BIT PATTERNS FROM ROM TO THE 

543 DISPLAY REGISTERS. STRING ST^^TS AT LOCATION POINTED TO BV PNTRB. 

544 CONTINUES UNTIL AN ESCAPE CODE <0FFH) IS REACHED. 

545 .: NOTE THAT THE CHARACTER STRING PUT OUT MUST BE LOCATED m THE SAME 

546 i F*ftQE AS THIS SUBROUTINE. SINCE SAME-PAGE MOVES ARE USED. 

547 PRINT IN TIKN CALLS EITHER Sl.!eRaJTINE ^WDISP^ OR 'RENTRV' 

548 TO ACTUALLY EFFECT WRITING INTO THE DISPLAY REGISTERS. 


80A6 F8 

549 PRINT: 

MOV 

ft.PNTR0 

aOAD NEXT CHARACTER LOCATION 

00HC A3 

550 

MOVP 

A.0A 

.:LOAD BIT PATTERN INDIRECT 

08AD C6B4 

551 

J2 

PRNTl 

; ESCAPE PAHERN 

00AF 14D0 

552 

caL 

WDISP 

..OUTPUT TO NEXT CHARACTER POSITION 


553 .;## 

am 

RENTRY 

INSTEa IF MESSAGE IS TO BE RIGHT JIJSTIFIED.) 

00B1 18 

554 

iw: 

PNTR0 

.: IM>EX POINTER 

00B2 04AB 

555 

•IMP 

PRINT 


0064 83 

556 PRNTl 

RET 


.DONE 



557 




558 .. ♦♦***♦ 




559 ; 




560 i .JOHN 

ARRAY HaDS BIT PATTERNS FOR THE LETTERS 'JOHN' 


561 

(NOTE THAT 'Om' IS WRITTEN IN LOWER CASE LETTERS) 

0065 

562 JOHN 

EfAl 

1 AND 0FFH 

00B5 IE 

563 

D6 

00011110B XOR SEGPa 

00B6 5C 

564 

DB 

01011100B XOR SEGPOL 

00B7 74 

565 

CE! 

011101006 XOR sE(ya 

ms 54 

56E. 

r>B 

01010100B XOR SEGPa 

00B9 00 

567 

DB 

00 


568 i 




569 IEJECT 
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ISIS-II I1CS-48/IJPM1 HflCPO ASSEMBLER. V2. 0 PAGE 15 

flP40: INTEL MCS-4B KEVBOW/DISPLW RFfLICfiTION NOTE APPENDIX 


LCC OBJ 

SEO 

SOURCE STATEMENT 


570 



571 

: 



572 

;ENCftCC ENCODES LSNIBBLE OF flCC INTO HEX BIT PfiTTERN INTO flCC 

0^ 530F 

573 

ENCACC: ANL 

A,#ENCHSK 

00eC 03C0 

574 

ADD 

R,#OGPATS 

00BE fi3 

575 

MOVP 

fi,0A 

008F 83 

576 

RET 



577 

. DGPflTS IS THE BfiSE FOR THE TABLE OF SEQUENT PATTERNS FOR THE BASIC 


578 

;DIGITS. HERE THE FULL HEX SET <0-F) IS INCLUDED. 


579 

iFOR NANV USER APPLICATIONS, THE CHARACTER SET HAV BE AHENDED OR AUGHENTED 


580 

iTO INCLUDE ADDITIONAL SPECIAL PURPOSE PATTERNS. 


581 

immi IS 

PGFEDCBA IN STANDARD SEVEN-SEGMENT ENCODING d^WENTION 


582 


WHERE P REPRESENTS THE DECIMAL POINT 

00C0 

583 OGPATS E6U 

$ AND 0FFH 

00C0 3F 

584 

DB 

00111111B XOR SEGPOL 

00C1 06 

585 

06 

00080110B XOR SEGPOL 

00C2 5B 

586 

OB 

01011011B m SEGPa 

00C3 4F 

587 

OB 

010011118 XOR SEGPOL 

00C4 66 

588 

DB 

0110011^ XOR SEGPOL 

08C5 60 

589 

OB 

01101101B XOR SEGPOL 

00C6 70 

590 

OB 

01111101B XOR SEGPa 

00C7 07 

591 

DB 

00000111B XOR SEIffa 

0008 7F 

592 

OB 

011111UB XOR SEGPOL 

00C9 67 

593 

OB 

011001116 XOR SEGPa 

00C:R 77 

594 

OB 

01110111B XOR SEGPOL 

00CB 7C 

595 

OB 

011111006 m SEGPOL 

00C:C 39 

596 

OB 

00111001B XOR SEGPOL 

00CD 5E 

597 

OB 

01011110B XOR SE<m 

00CE 79 

598 

OB 

01111901B m SEGPOL 

0eCF 71 

599 

DB 

011100016 XOR SEGPOL 


600 
602 ; 

603 iWDlSP WRITES BIT PAHERN NOW IN ACC INTO NEXT CHARACTER POSITION 

604 ^ OF THE DISPLAV <NEXTPL). ADJUSTS NEXTPL POINTER VALUE. 

605 i RESUL1S IN DISPLAV BEING FILLED LEFT TO RIGHT, THEN RESTARTING 


0000 A9 

606 WOISP- 

MOV 

PNTR1..H 

0001 FF 

607 

MOV 

aNEXTPL 

0002 0337 

608 

ADD 

R,#SEGMAP 

0004 29 

609 

XCH 

A,PNTR1 

0005 A1 

610 

MOV 

0PNTR1,A 

0006 EFDA 

611 

0JN2 

NEXTPL, WDISPl 

0008 BF08 

612 

MOV 

NEXTPL ICHARNO 

00OA 83 

613 WDISPl: 

614 ; 

615 REJECT 

RET 
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flP40 INTEL MC;S-48 KEVBOflPD/OISPLW flPPLICftTION NOTE APPENDIX 

LOC OBJ SEQ SOIJRCE STATEMENT 

616 i ♦♦♦♦♦♦♦♦♦♦♦♦♦♦***'M^iM'***>*’Mo)*M»»**»M'*** * *** « *«*»»*»*»»W 

617 : 

613 .RENTPV SLIBPOIJTINE TO ENTER fiCC CONTENTS INTO THE RIGHTHOST DIGIT 
619 . fiND SHIFT EVERYTHING ELSE CWE PLHCE TO THE LEFT 


00D6 B928 

620 R'ENTR^': MOV 

PNTRl.. #SEGMAP+1 

00DD BF08 

621 

MOV 

NEXTPL, 

80DF 21 

622 RENTRl. XCH 

A.C-PHTRl 

00E0 19 

622 

INC 

FWRl 

00E1 EFDF 

624 

DJN2 

NEXTPL.. RENTRl 

00E2 BF08 

625 

MOV 

NEXTPL,#CHARNO ; POINT TO LEFTMOST CHARACTER 

80E5 32 

626 

RET 



627 i 

623 J ♦♦***.J|c*)M:**t**.*:******4^*>Mt*3|c*.*********;|t*»****3Mt*** 

629 ; 

6S0 i R[)PfiDD TimE OECIHHL POINT IN LRST CW«?ftCTER DISPLAY CHARACTER 
6 j. 1 iCfRDD TOGGLES DECIMAL POINT IN THE CHARACTER POINTED TO BY THE ACC 


80E6 2201 

622 RDPRDD; 

MOV 

R, #01H 

.^SET INDEX TO RIGHTMOST POSITION 

00E8 0227 

624 DPADD- 

ADD 

R.#SEGMAP 

..ACCESS DISPLfft’ REGISTER FOR DESIRED PLACE 

00EA A9 

625 

MOV 

PNTRl. A 


00EB FI 

626 

MOV 

A..0PNTR1 


00EC D280 

627 

XRL 

H..#80H 


00EE Al 

628 

MOV 

0PNTR1A 


08EF 82 

629 

RET 




640 .. 

642 

642 ;HOLD SUBROUTINE CALLED mU KEY IS KNOWN TO BE DOWN. 

644 . HILL NOT RETURN UNTIL KEY IS RELEASED. 

00F0 D5 645 HOLD: SEL RBI 

00F1 FE 646 MOV A^LASTKV .i saASTKV>=0FFH IFF NO KEYS DOtW 

00F2 C5 647 SEL RB0 

00F2 27 648 CPL A 

00F4 96F0 649 JNZ HOLD 

00F6 82 658 RET 

651 

652 ; 

654 DELAY SUBROUTINE HANGS UP FOR THE NUMBER OF CWLETE DISPLAY SCANS EQUAL 

655 ; TO THE CONTENTS (F THE AC:CUMULATOR WHEN CALLED. 

00F7 B922 656 DELAY- MOV PNTRl.#RDELAV 

00F9 Al 657 MOV QPNTRtA 

00FA FI 658 DELAYl. MOV A..0PNTR1 

00FB 96FA 659 ..1N2 DELAYl 

00FD 82 660 RET 

661 lEJECT 
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fiP40: INTEL MCS-48 KEVBCJfiRT'/DISPLRV fiPPLICHTION NOIE RPPENDIX 

LOC OBJ SEQ SOURCE STfiTEHENT 

0100 662 OPG i08H 

663 

665 ; 

666 ; THE CODE ON THIS PfiGE IS FOP DEMONSTRfiTION PURPOSES ONLY- 

667 I TRUELV DOUBT I4I€THEP flNV END USERS WOULD LIKE TO SEE fl NflHE 

668 ; POPPING m ON THEIR CRLCULfiTOR SCR’EENS 

663 ; HOWEVER. THE CODE SHOI^JN HERE DOES INDICftTE HOW THE UTILITY SUBROUTINES 

670 IHailDED HEEf COULD BE fiCCESSED. 

671 .THE ROUTINES '^HEMSELVES HRf CfiLLED WHEN IM OF THE FOUR BUTTONS 

672 :ON THE RIGHT-HHND SIDE OF THE PROIOTYPE KEYBOftRD IS PRESSED. 

673 . 

675 . 

676 RfJJTINE TO IMPLEf€NT m OF Fm DEMO UTILITIES.- fiCCORDING 

677 TO WHICH OF THE FOUR RINj:TION KEYS WHS PRESSED 


0100 1212 

678 

FLINCTN: JB0 

FUNCTl 

0102 320E 

679 

JBi 

FLWCT2 

0104 520R 

680 

.TB2 

FL»Ni:T3 


681 



0106 14E6 

682 

FLINCT4: CPLL 

RDPflOD 

0108 0477 

683 

JMP 

ei:hi 


684 

; 


010H 342E 

685 

FUNCT3: CfiLL 

TEST3 

018C 0477 

686 

JMP 

ECHO 


687 

; 


010E 3424 

688 

FUNCT2: CALL 

TEST2 

0110 0477 

689 

JMP 

ECHO 


690 



0112 3416 

691 

FUrCTl: CALL 

TESTl 

0114 0477 

692 

JMP 

ECHO 


693 

694 ******4ii(ii***^4i*fti***im*********ii^*^********** 

695 . 

696 HESTl CODE SEGMENT TO FILL DISPLRY REGISTERS WITH DIGITS DOWN TO '1' 


0116 BF88 

697 TESTl: 

MOV 

NEXTPL #CHfiRNCi 


0118 B808 

698 

MOV 

PNTR0;#CmRNO 

;SET FOR EIGHT LOOP REPETITIONS 

011R FF 

699 TSTll- 

MOV 

A. NEXTPL 


011B 14Bft 

700 

CALL 

ENCfCC 


011D 14D0 

701 

CALL 

WDISP 


811F E81fi 

702 

D..TNZ 

PNTR0, TSTll 

;COPV NEXT DIGIT INTO DISPLAY REGISTERS 

0121 BF08 

703 

MOV 

NEXTPL, #a#IRNO 


0123 83 

704 

RET 




705 - 

706 SEJECT 
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fiP40: INTEL MCS-48 KEVBOfiRD.DlSPLfft' APPLICATION NOTE f^-PENDIX 


LOC OBJ 


SOURCE STATEMENT 


707 ; 


708 ^ 

709 aEST2 

WRITES 

THE SEOIENT PATTERN FOR 'JOHN' ONTO THE DISPLAY,. 


710 ; 

WAITS FOR A WHILE, AND THEN CLEARS THE DISPLAY 

0124 B8B5 

711 TEST2: 

MOV 

PNTR0,#.TOHN 

0126 14AB 

712 

CALL 

PF:INT 

012:5 2264 

713 

MOV 

A.. #100 i SCAN DISPLAY FOR 100 CYCLES 

012A 14F7 

714 

CALL 

DELAY 

012C 049E 

715 

IMP 

CLEAR 


716 




717 } 


718 , 




719 TEST3 

SUBROUTINE TO FILL DISPLAY WITH DASHES 


720 

JWS 

INTO SUBROUTINE 'CLEAR' 


721 ; 

AS SOON AS THE KEY IS RELEASED. 

012E 2340 

722 TEST3 

MOV 

A, #010800006 XOR SEGPOL ; PATTERN FOR 

0130 14R0 

723 

CALL 

FILL 

0132 14F0 

724 

CALL 

WLD 

0134 049E 

725 

..IMP 

CLEAR 


726 ; 

728 ; 

729 END 


USER SYMBOLS 


A5AVE 

0002 

BLANK 

nnnn 

GOTO 

CHARNO 0008 

CHRPOL 0000 

CHRSTB 0057 

CLEAR 009E 

CLRl 00fl4 

CUW)IG 0007 

DEBfCE 0004 

DELAY 

00F7 

DELAYl 00FA 

DGPATS 00C0 

DPADD 

00E8 

ECHO 0077 

ENCAa 00BA 

ENCMSK 000F 

FILL 

00A0 

FKEY 

0881 

FLWCTl 0112 

FUNCT2 010E 

FUNCT3 010A 

FUNCT4 0106 

FUNCTN 0100 

HOLD 00F8 

INIT 

0068 

INPMSK 00F0 

JOHN 0065 

KBDBIF 0022 

KBDIN 

0^3 

KEYLOC 0021 

LASTKY 0006 

[£mS 008E 

Nca.s 

0004 

NEaOG 00FF 

I€XTPL 0007 

NREPTS 0020 

NROWS 

0004 

NXTLOC 0023 

PDI6IT 0010 

PINPUT 0809 

PNTR0 

0000 

PNTRl 

0001 

POSLOG 0080 

PRINT 00AB 

PRNTl 

00B4 

PSGMNT 0008 

RDELAY 0023 

RDPADD 00E6 

REFRi 

0013 

REFRSH 0010 

RENTRl 00DF 

RENTRY 80DB 

ROTCNT 0005 

ROTPAT 0004 

SCAN 001E 

SCANl 0021 

SCAN3 

0034 

SCANS 

003F 

SCAN6 0045 

SCANS 804F 

SCAN9 

0057 

SEGMAP 0037 

SEGPOL 0800 

TESTl 0116 

TEST2 

0124 

TEST3 

012E 

TICK FFF0 

TIINT 0007 

TIRET 

000E 

TSTll 011A 

WDISP 0000 

WDISPI 00DA 


ASSEMBLY COMPLETE, NO ERRORS 
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P8GE 1 


fiSftVE 202# 249 269 

BLflMC 179# 280 531 

CHfiRNO 173# 220 485 441 533 537 612 621 625 697 698 703 

CURPOL 169# 429 430 431 432 433 434 435 436 

CHRSTB 282 428# 

aEflR 449 531# 715 725 

aRl 534# 536 

CURDIG 206# 283 289 395 405 441 

DEBNCE 178# 378 

DELftV 656# 714 

DELfiVl 658# 659 

DGPfiTS 574 583# 

DPftDC- 634# 

ECHO 465# 471 683 686 689 692 

ENCflCC 469 573# 780 

ENCHSK 183# 573 

FILL 532# 723 

FKEV 466 473# 

FUNCTl 678 691# 

PJNCT2 679 688# 

FUNCT3 680 685# 

FUNCT4 682# 

FUNCTN 473 678# 

HOLD 645# 649 724 

INIT 236 440# 

INPHSK 171# 446 

JOHN 562# 711 

KBDBLF 214# 386 442 498 

KBDIK 465 498# 493 

KEMOC 213# 300 389 444 

LfiSTKV 285# 359 360 385 488 646 

LEGNT^ 494 568# 

NCOLS 175# 328 

NEGLOG 167# 

NEXTPL 193# 533 536 537 687 611 612 621 624 625 697 699 783 

NREPTS 212# 361 

NROHS 174# 

NXTLOC: 329# 392 

PDIGIT 158# 285 

PINPUT 160# 301 447 


PNTR0 

191# 

380 

358 

361 

370 

380 

383 

386 

387 

389 

390 

486 

442 

443 

444 

445 


549 

554 

698 

702 

711 












PNTRl 

192# 

290 

291 

417 

418 

421 

490 

492 

532 

534 

535 

686 

689 

610 

620 

622 


623 

635 

636 

638 

656 

657 

658 











POSLOG 166# 169 178 

PRINT 549# 555 712 

PRNTl 551 556# 

PSGMNT 159# 281 292 

RDELflV 216# 417 656 

RDPfiDD 633# 682 

REFRl 282# 

REFRSH 268 288# 

RENTRl 622# 624 

RENTRV 470 628# 
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SLHN 200# 
SCRNl 228# 


SCHN3 

362 

380# 







SCRf-^5 

331 

371 

381 

384 

389# 




SCfiN6 

395# 








SCANS 

407 

409# 







SCftN? 

395 

419 

423# 






SEGMftP 

220# 

288 

532 

608 

620 

634 



SEGF'OL 

170# 

280 

531 

563 

564 

565 

566 

584 585 586 587 588 589 590 591 592 


593 

594 

595 

596 

597 

598 

599 

722 

TESTl 

691 

697# 







TEST2 

688 

711# 







TEST3 

685 

722# 







TICK 

177# 

250 

451 







TIINT 248# 

TIRET 269# 

TSTll 699# 702 

WDISP 552 606# 701 

WDISPl 611 613# 

CROSS REFERENCE COMPLETE 
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INTRODUCTION 

The Intel® MCS-48 family of microcomputers marked 
the first time an eight bit computer with program 
storage, data storage, and I/O facilities was available on 
a single LSI chip. The performance of the initial 
processors In the family (the 8748 and the 8048) has 
been shown to meet or exceed the requirements of most 
current applications of microcomputers. A new member 
of the family, however, has been recently Introduced 
which promises to allow the use of the single chip 
microcomputer in many application areas which have 
previously required a multichip solution. The In¬ 
tel® 8049 virtually doubles processing power available 
to the systems designer. Program storage has been in¬ 
creased from 1K bytes to 2K bytes, data storage has 
been increased from 64 bytes to 128 bytes, and process¬ 
ing speed has been increased by over 80%. (The 2.5 
microsecond instruction cycle of the first members of 
the family has been reduced to 1.36 microseconds.) 

It is obvious that this increase in performance is going 
to result in far more ambitious programs being written 
for execution in a single chip microcomputer. This ar¬ 
ticle will show how several program modules can be 
designed using the 8049. These modules were chosen 
to illustrate the capability of the 8049 in frequently en¬ 
countered design situations. The modules included are 
full duplex serial I/O, binary multiply and divide routines, 
binary to BCD conversions, and BCD to binary conver¬ 
sion. it should be noted that since the 8049 is totally 
software compatible with the 8748 and 8048 these 
routines will also be useful directly on these proc¬ 
essors. In addition the algorithms for these programs 
are expressed in a program design language format 
which should allow them to be easily understood and 
extended to suit individual applications with minimal 
problems. 


however, is more economic than technical; these same 
peripheral chips which are such a bargain when coupled 
to a microprocessor such as the MCS-85 or 86, have a 
significant cost Impact on a single chip microcomputer 
based system. The high speed of the 8049, however, 
makes it feasible to implement a serial link under soft¬ 
ware control with no hardware requirements beyond two 
of the I/O pins already resident on the microcomputer. 

There are many techniques for Implementing serial I/O 
under software control. The application note “Applica¬ 
tion Techniques for the MCS-48 Family” describes 
several alternatives suitable for half duplex operation. 
Full duplex operation is more difficult, however, since it 
requires the receive and transmit processes to operate 
concurrently. This difficulty is made more severe if it Is 
necessary for some other process to also operate while 
serial communication is occurring. Scanning a keyboard 
and display, for example, is a common operation of 
single chip microcomputer based system which might 
have to occur concurrently with the serial receive/trans¬ 
mit process. The next section will describe an algorithm 
which implements full duplex serial communication to 
occur concurrently with other tasks. The design goal 
was to allow 2400 baud, full duplex, serial communica¬ 
tion while utilizing no more than 50% of the available 
processing power of the high speed 8049 microcom¬ 
puter. 

The format used for most asynchronous communication 
Is shown in Figure 1. It consists of eight data bits with a 
leading ‘START’ bit and one or more trailing ‘STOP’ bits. 
The START bit is used to establish synchronization be¬ 
tween the receiver and transmitter. The STOP bits en¬ 
sure that the receiver will be ready to synchronize itself 
when the next start bit occurs. Two stop bits are nor¬ 
mally used for 110 baud communication and one stop 
bit for higher rates. 


FULL DUPLEX SERIAL 
COMMUNICATIONS 

Serial communications have always been an important 
facet in the application of microprocessors. Although 
this has been partially due to the necessity of con¬ 
necting a terminal to the microprocessor based system 
for program generation and debug, the main Impetus 
has been the simple fact that a large share of micro¬ 
processors find their way into end products (such as In¬ 
telligent terminals) which themselves depend on serial 
communication. When it is necessary to add a serial link 
to a microprocessor such as the Intel® MCS-85 or 86 the 
solution Is easy; the Intel® 8251A USART or 8273 SDLC 
chip can easily be added to provide the necessary pro¬ 
tocol. When It is necessary to do the same thing to a 
single chip microcomputer, however, the situation 
becomes more difficult. 

Some microcomputers, such as the Intel 8048 and 8049 
have a complete bus interface built into them which 
allows the simple connection of a USART to the proc¬ 
essor chip. Most other single chip microcomputers, 
although lacking such a bus, can be connected to a 
USART with various artificial hardware and software 
constructs. The difficulty with using these chips. 


START STOP 

BIT D1 D2 D3 D4 05 D6 P7 D6 BIT 



-1 


Figura 1. 


The algorithm used for reception of the serial data is 
shown in Figure 2. It uses the on board timer of the 8049 
to establish a sampling period of four times the desired 
baud rates. For 2400 baud operation a crystal frequency 
of 9.216 MHz was chosen after the following calculation: 

f = 480N(2400)(4) 

where 480 is the factor by which the crystal fre¬ 
quency is divided within the processor 
to get the basic interrupt rate 
2400 is the desired baud rate 

4 is the required number of samples per 
bit time 

N is the value loaded into the MCS-48 
timer when it overflows 


00670A 
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The value N was chosen to be two (resulting in f = 9.216 
MHz) so that the operating frequency of the 8049 could 
be as high as possible without exceeding the maximum 
frequency specification of the 8049 (11 MHz). 


Smi OF RECEIVE ROUTINE 


1 IF RECEIVE FLflG>e THEN 

2 IF SERIAL INPUTi:SPACE THEN 

3 RECEIVE FLflG:*l 

3 BVTE FINI9ED FLAG;=e 

2 ENDIF 

1 ELSE SINCE RECEIVE FLMK TIEN 

2 IF SVMC FLflG=0 THEN 

3 IF SERIAL INPUT=SPACE THEN 

4 SVNC FLAG:=1 

4 DATA:=80H 

4 SAfELE CNTR:s4 

3 ELSE SINCE SERIAL INPUT^WRK THEN 

4 RECEIVE FLAG::^ 

3 ENDIF 

2 ELSE SINCE SVNC FLAG*1 THEN 

3 SAMPLE COUNTER:=SANPL£ COUNTER-1 

3 IF SAIflE C0UHTER=e THEN 

4 SAIflE C0UNTER:=4 

4 IF 8VTE FINISHED FLAG^^B THEN 

5 CARRV::^IAL INPUT 

5 SHIFT DATA RIGHT HITH CARRY 

5 IF CARRV=1 THEN 

6 0KDATA;=DATA 

6 IF DATA READY FLAG=0 THEN 

7 BYTE FINISHED FLAG=1 

5 ELSE 

7 BYTE FINISICD FLAG:=1 

7 OVERRUN FLAG;=1 

6 ENDIF 

5 ENDIF 

4 ELSE SINCE BYTE FINISHED FLAG=1 THEN 

5 IF SERIAL INPUT=fWlK T>CN 

6 DATA READY FLAQ:=1 

5 aSE SINCE SERia INPUT^^SPACE THEN 

6 ERROR aAG;=l 

5 ENDIF 

5 RECEIVE RAG; =6 

5 SVNC FLAG:=8 

4 ENDIF 

3 ENDIF 

2 ENDIF 
1 BDIF 

Figure 2 


The timer interrupt service routine always loads the 
timer with a constant value. In effect the timer is used to 
generate an independent time base of four times the re¬ 
quired baud rate. This time base is free running and is 
never modified by either the receive or transmit pro¬ 
grams, thus allowing both of them to use the same 
timer. Routines which do other time dependent tasks 
(such as scanning keyboards) can also be called periodi¬ 
cally at some fixed multiple of this basic time unit. 

The algorithm shown in Figure 2 uses this basic clock 
plus a handful of flags to process the serial input data. 


Once the meaning of these flags are understood the 
operation of the algorithm should be clear. The Receive 
Flag is set whenever the program is in the process of 
receiving a character. The Synch Flag is set when the 
center of the start bit has been checked and found to be 
a SPACE (if a MARK is detected at this point the receiver 
process has been triggered by a noise pulse so the pro¬ 
gram clears the Receive Flag and returns to the idle 
state). When the program detects synchronization It 
loads the variable DATA with 80H and starts sampling 
the serial line every four counts. As the data is received 
It Is right shifted into variable DATA; after eight bits 
have been received the initial one set into DATA will 
result in a carry out and the program knows that it has 
received all eight bits. At this point it will transfer all 
eight bits to the variable OKDATA and set the Byte 
Finished Flag so that on the next sample it will test for a 
valid stop bit instead of shifting in data. If this test is 
successful the Data Ready Flag will be set to indicate 
that the data is available to the main process. If the test 
is unsuccessful the Error Flag will be set. 

The transmit algorithm is shown in Figure 3. It is exe¬ 
cuted immediately following the receive process. It Is a 
simple program which divides the free running clock 
down and transmits a bit every fourth clock. The variable 
TICK COUNTER is used to do the division. The Transmit¬ 
ting Flag indicates when a character transmission is in 
progress and is also used to determine when the START 
bit should be sent. The TICK COUNTER is used to deter¬ 
mine when to send the next bit (TICK COUNTER MOD¬ 
ULO 4 = 0) and also when the STOP bits should be sent 
(TICK COUNTER = 9 4). After the transmit routine com¬ 
pletes any other timer based routines, such as a key- 
board/display scanner or a real time clock, can be 
executed. 


START GF TRANSMIT ROUTINE 


1 

1 TICK COUHTER:=TICK COUNTER+1 

1 IF TICK COUNTER MOD 4=« TI€N 

2 IF TRANSMiniNG FLAG=1 THEN 

3 IF TICK COUNTERS 1010 80 BINRRV THEN 

4 TRANSMITTING FLAG:=« 

3 ELSE IF TICK COUNTER=00 1001 00 BINARY THEN 

4 SEND EM) MARK 

4 TRANSMiniNG FLAG:^ 

3 ELSE SINCE TICK COUNTEROTHE ABOVE COUNT THEN 

4 SEND rCXT BIT 

3 ENDIF 

2 ELSE SINCE TRANSMiniNG FLAG=0 THEN 

3 IF TRANSMIT REQUEST RJRM THEN 

4 XHTBVT:=NXTBVT 

4 TRANSMIT REQUEST FLAG:=0 

4 TRANSMiniNG FLAG:^ 

4 TICK COUNTER:=0 

4 SEM> SVNC BIT (SPACE) 

3 ENDIF 

2 ENDIF 

1 ENDIF 

Figure 3 
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Figure 4 shows the complete receive and transmit pro¬ 
grams as they are implemented in the instruction set of 


the 8049. Also included in Fig. 4 is a short routine which 
was used to test the algorithm. 


ISIS-II «CS-48A)PM1 HfiCRO RSSEHBLER. V2 9 


LOG OBJ 


SOmE STBTEHENT 


* 

;♦ ras FI^OGRflM TESTS THE FULL WM.EX COI^IUNICflTI^ * 

;♦ * 
} t4^****^***********^*********i****************i^**^’^^*^^ 


IINaUOE(;Fl:IJf?TEST.PDL) 


STBRT OF lEST ROUTINE 


0091 2409 


11 ERROR C0UNT;=9 
:1 REPEAT 

;2 PftnERN:=9 

;2 INITIALIZE TIMER 

}2 aEARFLAGBVTE 

12 FLAG1=MARK 

•2 REPEAT 

;3 IF TRANSMIT RECaiEST FLAG=0 TICN 

=4 NXTBVTE;=PATTERN 

;4 TRANSMn REQUEST FLRG=1 

il ENDIF 

iZ IF DATA READV FLRG=1 THEN 

iA PATTERN;=OKDATA 

.;4 DATA READV FLAG =0 

:^2 ENDIF 

^ 2 UNTIL ERROR FLAG OR OVERRUN FLAG 

.:2 INCREierr ERROR COUNT 

;1 UNTIL FOREVER 

;EOF 

lEJECT 

ORG 9 

a SELECT REGISTER BANK 9 
SEL RB9 

.1 GOTO TEST 

JMP TEST 

$ INaUDE(.Fl:W^RT) 


AS'VNCHRONOUS RECEIVE/TRANSMIT ROUTINE 

THIS ROIJTINE RECEIVES SERIAL CODE USING PIN T8 AS RXD 

AND CONCURRENTLV TRANSMITS USING PIN P27 

NOTE: 

THIS ROIJTINE USES FLAG 1 TO BUFFER THE TRANSMIHED 
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1 .1 tvl.. 


c.Liniwitt:5 iHt JllfLK jHHF 
= 51 .. 1 miV BE CftHSED BV VBRIRTIOHS IN THE RECEIVE 
= 52 TIMING. NO OTHER PROGRfiM MfiV USE FLAG 1 WHILE 
= 5i .1 THE TIMER INTERRUPT IS ENABLED 
= 54 ; 

= 55 
= % ; 

= 57 ; 

= 58 ; 

= 59 ; REGISTER ASSIGW^NTS-BANKl 

= g0 ; ================ 

= 81 

= 62 

0007 = 63 ATEMP EQU R7 i USED TO SAVE ACCUMUJnOR CONTENTS DURING INTERRUPT 

em =64 FLGBV1 EQI.I R6 ; CONTAINS VARIOUS FLAGS USED 10 CONTROL 1HE RECEIVE 

= 65 AND TRANSHIT PROCESS. SEE CONSTANT DEFINITIONS FOR 

= 66 ’THE HEARING OF EACH BIT 

0005 =67 SAHCTP EQU P5 ; SAHPLE COUNTER FOR Tf£ RECIEVE PROCESS 

0004 =60 TCKCTR EQU R4 ; SAMPLE CaWTER FOP THE TRANSMIT PROCESS 

0000 = 69 REG0 EQU R0 ; USED AS POINTER REGISTER 

= 70 i 

= 71 i RAM ASSiaiMENTS 

= 73 i 

0020 = 74 MOKDAT EQU 20H ; RECEIVE RETURNS VALID DATA IN THIS BVTE 

0021 =75 MDATA EQU 21H ; RECEIVE ACCUMltATES DATA IN THIS BVTE 

0022 = 76 MXMTBV EQU 22H CONTAINS BVTE BEING TRANSMITTED 

W23 = 77 HNXTBV EQU 23H ; CONTAINS Tl€ «)(T BVTE TO BE TRANSMITTED 

= 78 FEJECT 

= 79 i 

= 80 : 

= 81 i CONSTANTS 

= 82 , 

= 83 ; 

= 34 i THE FOLLOWING CONSTANTS ARE USED TO ACCESS THE FLfW BITS CONTHINED 
= 85 i IN REGISTER aGEVT 

= 36 ; 


0001 

= 87 RCVFL6 

EQU 

01H 

; SET Hf€N STfiRT BIT IS FIRST DETECTED 


= 88 



RESET WHEN RECEI'VE PRCCESS IS COMPLETE 

0082 

= 89 SVNFLG 

EQU 

02H 

i SET WHEN STfiRT BIT IS VERIFIED 


= 90 



; RESET WHEN RECEIVE PROCESS IS COMPLETE 

0004 

= 91 BVTOL 

EQU 

04H 

; RESET W€N STfiRT BIT IS FIRST DETECTED 


= 92 



SET WHEN THE EIGHT DfiTfi BITS HfiVE fU BEEN RECEIVED 

0008 

= 93 DRDVFL 

EQU 

08H 

; SHOULD BE RESET BV MAIN PROGRAM WHEN OATH IS HaEPTED 


= 94 



; SET BV RECEIVE PROCESS WHEN STOP BIT(S) ftRE VERIFIED 

0010 

= 95 ERRaG 

EQU 

10H 

; SHOULD BE RESET BV miN PROGRAM WHEN Sfil^LED 


= % 



.; SET 8*7 RECEI'TE PROCESS IF fi FRAMING ERROR IS DETECTED 

0020 

= 97 TRR9FL 

EQU 

20H 

TESTED BV MAIN PROGRfiM TO DETERMINE IF REflDV 10 


= 98 



j TRANSMIT fi m BVTE-SET TO INDICATE IHfiT NXTBVT 


= 99 



: HAS BEEN LOADED 


= 100 



RESET BV TRANSMIT PROCESS WIEN BVTE IS fiCCEPTED 

0040 

= 101 TRNQFL 

EQU 

40H 

^ SET WHEN TRANSMISSION OF fi BVTE STARTS 


= 102 



. RESET WHEN STOP BIT IS TRANSMITTED 

0080 

= 103 OVRUN 

EQU 

80H 

; SET 8*7 RECEI'VE PROCESS WHEN OVERUN OCCURRS 


= 104 



; SHOULD K RESET BV MAIN PROGRAM WHEN SAMPLED 




Figure 4 (continued) 
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LOC OBJ 

SEQ 

so(m:e statement 


= 105 > 



= 106 : 

= 107 ; 

GENERAL COfiSTANTS 


------— 


= 108 i 


0080 

= 1© IlftRK 

EQ»J 80H USED TO GENERATED ft MARK 

FF7F 

= 110 SPftCE 

E0U NOT 80H USED TO GENERATE ft SPACE 

OTWJ 

= 111 STPBTS 

EQU 0 CONTROLS THE NUMKR OF STOP BITS 


= 112 

; 0 GENERATES WE STOP BIT 


= 112 
= 114 ; 

= 115 $EJECT 

= 116 i 

; 1 GErTERATES TWO STOP BITS 


= 117 

START OF RECEIV^/TRANSMIT INTERRUPT SERVICE ROUTINE 


= 118 ; 

= 119 ; 


0007 

= 120 

ORG 0007H 


= 121 



= 122 ENTER INTERRUPT M0C€ 

0007 160fl 

= 122 TI5R: 

JTF UART 

00© 92 

= 124 

RETR 

008ft D5 

= 125 LlftF'T: 

SEL RBI 


= 126 ; 1 Sft^^ flCCUMULftTOR CONTENTS 

000B ftF 

= 127 

MOV ATEMP..ft 


= 128 RELOftD TIMER 

000C 22FE 

= 129 

MOV R..#TIMCNT 

080E 62 

= 120 

T,ft 


= 121 ; 



= 122 
- 4 77 

Oi.rTPUT m BIFFER (Fl> TO TXD I/O LINE (P27.T 


- lii 

= 124 


000F 7615 

= 125 

JFl OMftRK 

0011 9ft7F 

= 126 OSPftCE 

ANL P2.#SPftCE 

88i:< 0417 

= 127 

•IMP RCV000 

0015 8ft88 

= 128 OMftRK; 
= 129 ; 

ORL P2.#MftRK 


= 140 ; 

START OF RECEIVE ROUTINE 


= 141 : 

= 142 : 



= 142 ;1 IF RECEIVE FLftG=0 THEN 

0017 FE 

= 144 RCV000 

; MOV A^aOBVT 

0018 1224 

= 145 

JB0 RCV010 


= 146 ;2 

IF SERia INPUT=SPACE TI€N 

001ft 2664 

= 147 

JT0 mi 


= 148 ;2 

RECEIVE FLi«:=l 

001C FE 

= 149 

MOV ft,FLGBVT 

801D 4201 

= 150 

ORL ft. #RCVFLG 


= 151 .;2 

BYTE FINISHED aftG;=0 

001F 52FB 

= 152 

AM ft.#NOT B’r'FNa 


= 152 .2 

ENDIF 

0021 ftE 

= 154 

MOV FLGBVLA 

0022 0464 

= 155 

JMP XMIT 


= 156 .1 ELSE SINCE RECEIVE FLftG=l THEN 


= 157 .:2 

IF SVNC FLft6=0 TT€N 

0024 2228 

= 158 RC:’'/010 

; JBl RCV020 


= 159 :• '< 

IF SERIAL INPUT=SPftCE THEN 



Figure 4 (continued) 
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LOC OBJ 

SE0 S0I.IRCE STRTEMENT 

0026 1621 

= 160 

.JT0 

RCV020 


= 161 4 


SVNC FLflG:=l 

4302 

= 162 

ORL 

R..#SVNFLG 

0020 RE 

= 163 

Mcr; 

aOBVLR 


= 164 ;4 


ORTR:=80H 

002B BB21 

= 165 

MOV 

R0, #MORTR 

0620 B^ 

= 166 

MOV 

0R0.#80H 


= 167 ;4 


Sf^LE CNTR:=4 

002F BD04 

= 168 

MOV 

SRMCTR, #4 

0031 0464 

= 169 

JMF 

XMIT 


= 170 : :< 

ELSE SINC:E SERIRL W!JT=MflRK THEN 


= 171 ; 4 


RECEIVE FLfiG;=0 

0033 53FE 

= 172 RCV028 

: RNL 

R.*NOT RCVFLG 


= 173 3 

mif 

0035 RE 

= 174 

MOV 

FLGBVT..R 

0036 0464 

= 175 

M 

XMIT 


= 176.; 2 ELSE 

SM:E S‘VNi: l-LRG=l THEN 


= 177 ..3 

SRMPLE i::OUNTER;=SRMPLE COUNTER-! 

003S ED64 

= 178 RCV830 

: OJNZ Sf»CTR,XMIT 


= 179 ..3 

IF SRMPLE COUNIER=0 THEN 


= 180 M 


SRMPLE Ca«NTER;=4 

^3R BO04 

= 181 

MOV 

SfiMCTR.#4 


= 182 .;4 


IF BVTE FINISHEO FL«j=0 THEN 

003C 5259 

= 183 

.TB2 

RCV050 

003E 97 

= 184 

aR 

C 


= 185 .;5 


CRRR't':=SERIRL INPUT 

003F 2642 

= 186 

JNT0 RCV048 

0041 fl? 

= 187 

CPL 

c 

0042 B821 

= 188 RCV040 

: MOV 

R0, #MORTfl 

0044 F0 

= 189 

MOV 

R>0R0 


= 190 .-5 


SHIFT ORTR RIGHT WITH li^RRRV 

0045 67 

= 191 

RRC 

R 

0046 fl0 

= 192 

MOV 

0P0.R 


= 193 .;5 


IF CRRRV=1 THEN 

0047 E664 

= 194 

..INC 

XMIT 


= 195 iS 


OKORTfi:=ORTn 

0049 B820 

= 196 

MOV 

R0.#MOKORT 

004B fl0 

= 197 

MOV 

0R0..fl 


= 193 .:6 


IF ORTR RERjy/ FLRG=0 THEN 

004C FE 

= 199 

MOV 

fi.FLGBVT 

0040 7254 

= 200 

JB3 

RCV845 


= 201 .7 


BVTE FINISHEO FLRG=1 

004F 4304 

= 202 

ORL 

fi.#BVFNFL 

0851 RE 

= 203 

MOV 

FL(®VT..R 

0052 0464 

= 204 

JMP 

XMIT 


= 205 .;6 


ELSE 


= 206 .:7 


BVTE FINISHEO FLRG:=1 


= 207 ;7 


OVERRUN FLRG;=1 


= 208 RCV045: 




= 209 

jMOV 

R..aGBVT 

0054 4304 

= 210 

ORL 

R..#(BVFNFL OR OVRUN) 

0056 RE 

= 211 

MOV 

FLGBVT.R 


= 212 ;6 


ENDIF 


= 213 .;5 


ENOIF 

0957 0464 

= 214 

JMP 

XMIT 


Figure 4 (continued) 
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LOC OBJ 

SEQ S0LIF^:E STftTEf€NT 


= 215 iA 

ELSE SINi:^ B'lTE FINlSf€D FLflG=l THEN 


= 216 ;5 


IF SERia INPUT=MflRK. TICH 

0059 265F 

= 217 RCV050: 

JNT0 

RCV060 


II 

ro 

oo 


DATA READY FLRG:=1 

065B 4308 

= 219 

ORL 

A..#DRD't1'L 

0050 0461 

= 220 

JHP 

RCV870 


= 221 ;5 


ELSE SINCE SERIAL INPUT=SPACE THEN 


= 222 ;6 


ERROR FLAG.=1 

005F 4310 

= 223 RCV060: 

ORL 

A..#ERRFLG 


= 224 .i5 


ENDIF 


= 225 .;5 


RECEIVE FLRG;=0 


= 226 ;5 


SYNC FLAG;=0 

0061 53FC 

= 227 RCV070; 

ntH 

nnL 

A. W«T(SYNFLG OR RCVFLG) 

0063 BE 

= 228 

HOV 

FLGBYLA 


= 229 .;4 


mif 


= 230 ;3 

ENDIF 


= 231.^2 ENDIF 



= 232 ;1 ENDIF 



= 233 IE.JECT 




= 234 




= 235 

START OF TRANSMIT ROUTINE 


= 236 ; 

==== 

-===—===—==- 


= 237 : 




= 238 




= 239 

.TRANSMITTER OJTPUT BIT IS P2-7 


= 240 ;1 TICX 

CT)UNTER:=TICK CaWTER+l 

0064 1C 

= 241 XMIT; 

INC 

TCKCTR 


= 242 IF TICK COUNTER HOD 4=8 THEN 

0065 2303 

= 243 

MOV 

A,#03H 

0067 5C 

= 244 

ANL 

A, TCKCTR 

0068 9697 

= 245 

JNZ 

RETURN 


= 246 ;2 IF TRONSHIHING FLflG=l THEN 

006fl FE 

= 247 


A>aGBYT 

006B 37 

= 248 

CPL 

A 

006C D286 

= 249 

JB6 

XMT048 


= 250 

IF STPBTS EQ 1 


= 251 ;3 

IF TICK COUNTER=00 1010 80 BINARY THEN 


= 252 

MOV 

A,#28H ; CONDITIONAL ASSEMBLY 


= 253 

XRL 

ATCKCTR ; 


= 254 

JNZ 

XMT010 j 


= 255 ;4 


TRANSMiniNG FLAG =8 


= 256 

MOV 

A,FLGBYT ; 


= 257 

ANL 

A.#NOTTRNGFL ; 


= 258 

NOV 

FLGBVLA > 


= 259 

JMP 

RETURN ; 


= 260 

ENDIF 


= 261 .3 

ELSE IF TICK COUNTER=00 1081 00 BINARY THEN 

006E 2324 

= 262 XHT010; 

MOV 

A,#24H 

0070 DC 

= 263 

XRL 

ATCKCTR 

8071 967B 

= 264 

JNZ 

XMT028 


= 265 ; 4 


SEND END IfIRK 

0073 fiS 

= 266 . 

CLR 

FI ; SET FLA61 TO HARK 

0074 B5 

= 267 

CPL 

FI 


= 268 

IF STPBTS EQ 0 


= 269 ;4 


TRANSMITTING FLAG:=0 


Figure 4 (continued) 
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LOC OBJ 

SEQ SOURCE STATEMENT 

0075 FE 

= 270 

MOV 

A.FLGBVT ; CONDITIONAL ASSEMBLY 

0076 53BF 

= 271 

ANL 

A.#NOTTRWiFL ; 

0078 flE 

= 272 

MOV 

ai»VLA j 

0079 0497 

= 273 

JMP 

RETURN ; 


= 274 

ENDIF 


= 275 ;3 

ELSE SINCE TICK COUNTEROTHE ABOVE COUNT THEN 


= 276 ;4 


SEND NEXT BIT 

007B 6822 

= 277 XI1T020: 

MOV 

R0.#MXMTBV 

007D F0 

= 278 

MOV 

a0R0 

087E 67 

= 279 

RRC 

A 

007F fi0 

= 280 

MOV 

0R0>A 

0080 fl5 

= 281 

CLR 

FI ; FLAG 1 WILL BE USED TO BUFFER TXD 

0081 E697 

= 282 

JNC 

RETURN ; GO TO RETIJRN POINT IF TXD=SPACE (0) 

0083 B5 

= 283 

CPL 

FI ; ELSE COMPLEMENT FLAG 1 TO A MARK 

0^ 0497 

= 284 


RETURN 


= 285 ;3 

ENDIF 


= 286 ;2 ELSE 

SINCE TRANSMITTING FLAG=0 THEN 


= 287 ;3 

IF 

TRAT^SMIT REQUEST FLAG=1 THEN 

0086 8297 

= 288 J<MT040: 

JB5 

RETURN ; FLAG BYTE THERE 


= 289 :4 


XMTBVT;=NXTBYT 

0088 B823 

= 290 

MOV 

R0.#MNXTBV 

008R F6 

= 291 

MOV 

aORO 

008B B822 

= 292 

MOV 

R0, #MXMTBY 

008D m 

= 293 

MOV 

0R0.A 


= 294 ;4 


TRANSMIT REQUEST FLAG:=0 

008E FE 

= 295 

MOV 

aaoBVT 

008F 53DF 

= 2% 

ANL 

a#NOT TRROa 


= 297 .:4 


TRANSMiniNG FLAG;=1 

0091 4340 

= 298 

ORL 

a#TRNGa 

0093 HE 

= 299 

MOV 

FLCBVLA 


= 300 ;4 


TICK COUNTER:=0 

0094 BC^ 

= 301 

MOV 

TCKCTR,#0 


= 302 ;4 


SEND SVNC BIT (SPACE) 

00% fi5 

= 303 

aR 

FI SET FLAG 1 TO CAUSE A SPACE 


= 304 i3 

ENDIF 


= 305 ;2 ENDIF 



= 306 ;1 ENDIF 



= 307 RETURN: 




= 308 ;1 RESTORE ACCUMULATOR 

0097 FF 

= 309 

MOV 

afiTEMF* 

0098 93 

= 310 

RETR 


311 lEJECT 




312 




313 ; 

START OF TEST ROUTINE 


314 ; 




315 : 



0100 

316 

ORG 

0100H 

FFFE 

317 TIMCHT 

EQU 

-2 

001E 

318 MFLGBV 

EQU 

lEH 

001D 

319 MSAMCT 

EQU 

IDH 

0010 

320 MTCKCT 

EQU 

ICH 


321 



0007 

322 ERRCNT 

EQU 

R7 

WJTO 

323 PAH 

EQU 

R6 


324 




Figure 4 (continued) 
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SOURCE STfllEfCNT 


LOC OBJ SEQ 



325 ; 




326 ; 




327 ERROR COUNT:=0 

0100 BF00 

328 TEST; 

MOV 

ERRCNL«0 


329 ;1 REPEAT 



330 TLOP: 




331 ;2 

PftTTERN:=0 

0102 BE00 

332 

MOV 

PAH. #00 


333 ;2 

INITIfiLIZE TIMER 

0104 23FE 

334 

MO*; 

fl#TIMCNT 

0106 62 

335 

MOV 

Lft 

0107 55 

336 

STRT T 

0108 25 

337 

EN 

TCNTI 


338 .:2 

aEflR aflGBVTE 

0109 B81E 

339 

MOV 

R0.#MFL®V 

010B B000 

340 

MOV 

9R0>#0 


341 .^2 

FLftGl=l1flRK 

010D R5 

342 

CLR 

FI 

010E B5 

343 

CPL 

FI 


344 ;2 

REPEAT 


345 TILOP 




346 ;3 

IF 

TRANSMIT REQUEST aft6=0 THEN 

010F B81E 

347 

MOV 

R0.#MFLGBV 

0111 F0 

348 

MOV 

ft.^ 

0112 B224 

349 

JB5 

TREC 


350 ;4 


NXTBVTE:=PftTTERN 

0114 B923 

351 

MOV 

RLIMNXTBV 

0116 FE 

352 

MOV 

ft.Pftn 

0117 fll 

353 

MOV 

ORtft 


354 ;4 


TRANSMIT REQUEST FLftG=l 

0118 35 

355 

DIS 

TCNTI i LOCK OUT TIMER INTERWJPT 


356 


SO THftT MUTUflL EXaUSION IS MfllNTHINEO WHILE 


357 


i IHE FLAG BSTE IS BEING MODIFIED 

ms F0 

358 

MOV 

ft.0R0 

011ft 4320 

359 

ORL 

fl.#TRRQFL 

011C ft0 

360 

MOV 

0R0.ft 

011D 25 

361 

EN 

TCNTI 

011E 1622 

362 

JTF 

TESTA 

0120 2424 

363 

JMP 

TREC 

0122 140ft 

364 TESTA 

CALL 

UfiRT ; CflLL UftRT BECAUSE TIMER OVERFLOWED DURING LOCKOUT 


365 ;3 

ENDIF 


366 i 3 

IF 

DATA READY FLAG=1 THEN 


367 TREC: 



0124 F0 

368 

MOV 

A.0R0 

0125 37 

369 

CPL 

A 

0126 7238 

370 

JB3 

TRECE 


371 ;4 


PATTERN:=OKDATA 

0128 B920 

372 

MOV 

RL #MOKDAT 

012ft FI 

373 

m 

A.0R1 

012B ftE 

374 

MOV 

PATLA 


375 


DATA READY aAG:=0 

012C 35 

376 

DIS 

TCNTI i LOCK OUT TIMER INTERRUPT 


377 


SO THAT MUTUAL EXaUSION IS MAINTIANED WHILE 


378 


; THE aftG BYTE IS BEING MODIFIED 

0120 F0 

379 

mf 

A.0R0 


Figure 4 (continued) 
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i«i no*/ m, H 

382 EN TCNTI 

383 JTF TESTB 

384 .JMP TRECE 

385 TESTB; CRLL UftRT ; CftLL UflRT IF TII1ER O'/ERFLOWED DURIt^G LOCKOUT 

386 TRECE; 

387; 3 ENDIF 

388 ;2 UNTIL ERROR FLAG OR OVERRI.W FLAG 

389 nOV A.. I?R0 

390 m, fi..#(0*/RUN OR ERRFLG) 

391 JZ IlLOP 

392 ;2 INCREHENT ERR(S? COUNT 

393 ir4C ERRCNT 

394 .1 UNTIL FOREVER 

3^ JMF TLOP 

396 ;EOF 

397 END 


oijo m 

0131 25 
0132 163^ 
0134 2438 
0136 i40A 


0138 F0 
0139 5390 
013B C60F 

813D IF 

013E 2402 


USER SVnBOLS 
ATEMP 0007 
MFLGBV 081E 
OVRLW 0080 
RC*V050 0059 
STPBTS 0000 
TISR 0007 
XnT010 006E 


BVFNFL 0004 
HNXTBV 0023 
PATT 0006 
RCV060 005F 
SVNFLG 8002 
TLOP 0102 
X«T020 007B 


DRDVa 0008 
HOKDRT 0020 
RCV008 0017 
RCV070 0061 
TCKCTR 0004 
TREC 0124 
XMT040 0086 


ERRCNT 0007 
nSAICT 001D 
RCV010 0024 
RC'/FLG 0001 
TEST 0100 
TRECE 0138 


ERRFLG 0010 
HTCKCT 001C 
RC*/020 0033 
REG0 0000 
TESTA 0122 
TRNQFL 0040 


FLG8VT 0006 
HXHTBY 0022 
RCV030 0038 
RETURN 0097 
lESTB 0136 
TRRQFL 0020 


NARK 0080 
ONARK 0015 
RCV040 0042 
SAHCTR 0005 
TILI3P 010F 
UART 000A 


HDATfi 0021 
OSPACE 0011 
kCV045 0054 
SPACE FF7F 
TinCNT FFFE 
xnn 0064 


ASSEMBLY COMPLETE. NO ERRORS 


Figure 4 (continued) 
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MULTIPLY ALGORITHMS 

Most microcomputer programmers have at one time or 
another implemented a multiply routine as part of a 
larger program. The usual procedure is to find an algo¬ 
rithm that works and modify it to work on the machine 
being used. There is nothing wrong with this approach. 
If engineers felt that they had to reinvent the wheel 
every time a new design is undertaken, that’s probably 
what most of us would be doing—designing wheels. If 
the efficiency of the multiply algorithm, either in terms 


X 


of code size or execution time Is important, however, it 
is necessary to be reasonably familiar with the multipli¬ 
cation process so that appropriate optimizations for the 
machine being used can be made. 

To understand how multiplication operates in the binary 
number system, consider the multiplication of two four 
bit operands A and B. The “ones and zeros” in A and B 
represent the coefficients of two polynomials. The 
operation AxB can be represented as the following 
multiplication of polynomials: 

A3*2® + A2*22 + A1*2’ + A0*2° 

B3*2^ + 62*2^ + 61*2' + B0*2° 


+ BOA3*2® + B0A2*2^ + B0A1*2' + B0A0*2° 

+ B1A3*2^ + B1A2*2'’ + B1A1*22 + B1A0*2' 

+ B2A3*2® + B2A2*2^ + B2A1*2® + B2A0*22 

+ B3A3*2® + B3A2*2® + B3Ar2^ + B3A0*2® 
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The sum of all these terms represents the product of A 
and B. The simplest multiply algorithm factors the 
above terms as follows: 

A*B= B0*(A)*2“+ B1*(A)*2’ + B2*(A)*2*+ B3*(A)*2® 

Since the coefficients of B (i.e., BO, B1, B2, and B3) can 
only take on the binary values of 1 or 0, the sum of the 
products can be formed by a series of simple adds and 
multiplications by two. The simplest implementation of 
this would be: 

MULTIPLY: 

PRODUCT=0 

IF B0=1 THEN PRODUCT: = PRODUCT + A 
IFB1 = 1 THEN PRODUCT: = PRODUCT+ 2*A 
IFB2 = 1 THEN PRODUCT: =PRODUCT + 4*A 
IFB3=1 THEN PRODUCT: = PRODUCT+ 8*A 
END MULTIPLY 

In order to conserve memory, the above straight line 
code is normally converted to the following loop: 

MULTIPLY: 

PRODUCT: = 0 
COUNT: = 4 
REPEAT 

IF B[0]=1 THEN PRODUCT: = PRODUCT + A ENDIF 

A: = 2* A 

B:=B/2 

COUNT: = COUNT-1 
UNTIL COUNT: = 0 
END MULTIPLY 

The repeated multiplication of A by two (which can be 
performed by a simple left shift) forms the terms 2*A, 
4*A, and 8*A. The variable B is divided by two (per¬ 
formed by a simple right shift) so that the least signifi¬ 
cant bit can always be used to determine whether the 
addition should be executed during each pass through 
the loop. It is from these shifting and addition opera- 
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tions that the “shift and add” algorithm takes its com¬ 
mon name. 

The “shift and add” algorithm shown above has two 
areas where efficiency will be lost if implemented In the 
manner shown. The first problem is that the addition to 
the partial product is double precision relative to the 
two operands. The other problem, which is also related 
to double precision operations, is that the A operand is 
double precision and that it must be left shifted and 
then the B operand must be right shifted. An examina¬ 
tion of the “longhand” polynomial multiplication will 
reveal that, although the partial product is Indeed dou¬ 
ble precision, each addition performed is only single 
precision. It would be desirable to be able to shift the 
partial product as it Is formed so that only single preci¬ 
sion additions are performed. This would be especially 
true If the partial product could be shifted into the “B” 
operand since one bit of the partial product is formed 
during each pass through the loop and (happily) one bit 
of the “B” operand is vacated. To do this, however, it is 
necessary to modify the algorithm so that both of the 
shifts that occur are of the same type. 

To see how this can be done one can take the basic 
multiplication equation already presented: 

A*B= B0*(A*2®)+ B1*(A*2^)+ B2*(A*22)+ B3*(A*2®) 
and factoring 2 * from the right side: 

A*B = 2^[B0*(A*2-^)+B1*(A*2-®) 

+ B2*(A*2"^)+B3*(A*2-'')] 

This operation has resulted in a term (within the 
brackets) which can be formed by right shifts and adds 
and then multiplied by 2 * to get the final result. The 
resulting algorithm, expanded to form an eight by eight 
multiplication, is shown in figure 5. Note that although 
the result is a full sixteen bits, the algorithm only per¬ 
forms eight bit additions and that only a single sixteen 
bit shift operation is involved. This has the effect of 
reducing both the code space and the execution time 
for the routine. 


LOC OB-J SEQ SOURCE STATEMENT 


1 $MACR(»^ILE 

2 $INCLU0E(;F1;MPV8. HED) 

= 4 ;* ♦ 

= 5.:* MPV8X8 * 

= 6 ♦ 

= 8 * 

= 9;* THIS UTILITV PROVIDES AN 8 BV 8 UNSIGNED MULTIPLV ♦ 

= 10;* AT ENTRV: * 

= 11;* A = LOWER EI(»fr BITS OF DESTINATION OPERAND * 

= 12 ;* XA= DON'T CARE * 

= 13 ;* Rl= POINTER TO SOURCE OPERAND (MULTIPLIER) IN INIERWl MEMEORV * 

Figures 
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SOURCE STflTEHENT 


LOC OBJ 


0002 

8002 

0004 

0002 


0000 B000 
0002 BD0fi 


0004 120E 

0^ 20 
0007 S7 
0008 67 
000y 20 
0000 67 
000B EB04 
0000 82 


SEO 


= 14 * 
= IS It 0T EXIT; * 
= 16 .i t 0 = LOtER EIGHT BITS OF RESULT t 
= 17 it X0= UPPER EIGHT BITS OF RESULT t 
= 18 i t C = SET IF OVERFLOW ELSE CLEARED t 
= 19 * 

21 .i 


22 

22 

24 
2-5 

26 

•■v-> 

23 

25 
20 
21 
22 

24 

25 


$INCLUDE<:F1:^EV8 POL) 

1 MPV8X3. 

1 HULTIFLIC0NDC15-S] =0 
1 Ca!NT;=8 

1 REPEAT 

2 IF MIXTIPLICTINW:0]=0 THEN BEGIN 

2 tlULTIPLICANC*. =MULTIPLICAND/2 

2 ELSE 

2 MULTIPLICANDC 15>S 3; =IU.ILTIPLICAND[ 15*3 3+MULTIPLIER 

2 Ml.iTIPLICRNT-: ^lUXTIPLICANCv^ 

2 ENDIF 

2 COUNT ;=CnU^^T*l 

1 UNTIL COUNT=0 
1 END HPV3XS 



28 EQUATES 



79 ; ===; 

=== 



40 .i 




41 XA 

EQU 

R2 


42 cawT 

E0U 

R2 


42 ICNT 

EQU 

R4 


44 .i 




45 DIGPR 

EQU 

2 


46 ; 




47 lEJECT 




48 tINaUDE(:Fl:HPV8) 

= 

49 .il riPV8X3 ; 


= 

50 MPVm* 




51 il MULTIPLICAND[15*83;=0 

= 

52 

MOV 

X0..»00 

= 

52 .1 COUNT:=8 


= 

54 

MOV 

C0UNL#8 

= 

55 .i 1 REPEAT 


= 

56 HPV8LP 



= 

57 .;2 

IF niXTIPLICRND[0]=0 TtCN BEGIN 

= 

58 

JB0 

MPV8A 

= 

59 .i2 

MULTIPLlCRNO:=MULTIPLIC0ND/2 

= 

60 

m 

A..X0 

= 

61 

aR 

c 

= 

62 

RRC 

A 

= 

62 

XCH 

R.XA 

= 

64 

RRC 

A 

= 

65 

DJN2 

COUNT.MPV8LP 

= 

66 

RET 


= 

67 i2 ELSE 



Figure 5 (continued) 
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SOURCE STRTEMENT 


LOC: m SEQ 

= 68 mSf\ : 

= 69 ;3 WXTIPLICflNDC15-83:=l1JXTIPLICHNDC15-8]4|1tlTIPLIER 


wwc 

2ft 

= 

78 


ft..Xft 

000F 

61 

= 

71 

ftDD 

ft. 0R1 

8810 

67 

= 

72 

RRC 

ft 

0811 

2ft 

= 

73 

XCH 

ft.Xft 

0012 

67 

= 

74 

RRC 

ft 

0813 

EB04 

= 

75 

DJN2 

COUNT. MPV8LP 

0815 

83 

s 

76 

RET 



= 77;3 l1LiTIPLIC^;=HULTIPLICflND.^ 

= 78;2 ENDIF 
= 79 ;2 COUNT ^COUNM 
= 88 ;1 UNTIL C0UNT=8 

= 81 ; 1 m mm 

82 END- 

USER SVMBOLS 

COUNT 0083 DIGPR 8883 ICNT 8004 HPV8R 080E I1PV8LP 8084 I1PV8X8 8088 Xfl 8802 
fiSSEMBLV COMPLETE. NO ERRCM^S 
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DIVIDE ALGORITHMS 

In order to understand binary division a four bit opera¬ 
tion will again be used as an example. The following 
algorithm will perform a four by four division: 


DIVIDE: 

IF 16*DIVISOR>= DIVIDEND THEN 
SET OVERFLOW ERROR FLAG 
ELSE 

IF 8*DIVISOR>= DIVIDEND THEN 
QUOTIENT[3]:=1 

DIVIDEND:= DIVIDEND-8*DIVISOR 
ELSE 

QUOTIENT[3]: = 0 
ENDIF 

IF 4*DIVISOR>= DIVIDEND THEN 
QUOTIENT[2l: = 1 

DIVIDEND: = DIVIDEND-4*DIVISOR 
ELSE 

QUOTIENT[2): = 0 
ENDIF 

IF 2*DIVISOR>= DIVIDEND THEN 
QUOTIENT[1]: = 1 

DIVIDEND: = DIVIDEND - 2* DIVISOR 
ELSE 

QUOTIENT[1]: = 0 
ENDIF 

IF rDIVISOR>= DIVIDEND THEN 
QUOTIENT[0]:=1 

DIVIDEND:= DIVIDEND-r DIVISOR 
ELSE 

QUOTIENT[0]: = 0 
ENDIF 
ENDIF 
END DIVIDE 


The algorithm is easy to understand. The first test asks 
if the division will fit into the dividend sixteen times. If it 
will, the quotient cannot be expressed in only four bits 
so an overflow error flag is set and the divide algorithm 
ends. The algorithm then proceeds to determine If eight 
times the divisor fits, four times, etc. After each test It 
either sets or clears the appropriate quotient bit and 
modifies the dividend. To see this algorithm In action, 
consider the division of 15 by 5: 


00001111 

-01010000 


00001111 

-00101000 


00001111 

-00010100 


00001111 

-00001010 

00000101 

00000101 
- 00000101 

00000000 


(15) 

(16*5) 

Doesn’t fit—no overflow 


(15) 

(8*5) 

Doesn’t fit—Q[3] = 0 

(15) 

(4*5) 

Doesn’t fit—Q[2] = 0 

(15) 

(2*5) 

Fits—Q[1]=1 


(15-2*5) 

(1*5) 

Fits-Q[0]=1 


The result is Q = 0011 which is the binary equivalent of 
3—the correct answer. Clearly this algorithm can (and 
has been) converted to a loop and used to perform divi¬ 
sions. An examination of the procedure, however, will 
show that it has the same problems as the original mul¬ 
tiply algorithm. 
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The first problem is that double precision operations are 
involved with both the comparison of the division with 
the dividend and the conditional subtraction. The 
second problem is that as the quotient bits are derived 
they must be shifted Into a register. In order to reduce 
the register requirements, it would be desirable to shift 
them into the divisor register as they are generated 
since the divisor register gets shifted anyway. Unfor¬ 
tunately the quotient bits are derived most significant 
bits first so doing this will form a mirror image of the 
quotient—not very useful. 

Both of these problems can be solved by observing that 
the algorithm presented for divide will still work if both 
sides of ail the “equations” involving the dividend are 
divided by sixteen. The looping algorithm then would 
proceed as follows: 

DIVIDE: 

QUOTIENT: = 0 
COUNT: = 4 

DIVIDEND: = DIVIDEND/16 
IF DIVISOR>= DIVIDEND THEN 
OVERFLOW FLAG:=1 
ELSE 
REPEAT 

DIVIDEND:=DIVIDEND*2 
QUOTIENT: = QUOTIENT*2 
IF DIVISOR>= DIVIDEND THEN 
QUOTIENT: = QUOTIENT -I- 1/*SET QUOTIENT[0]*/ 
DIVIDEND: = DIVIDEND - DIVISOR 
ENDIF 

COUNT: = COUNT-1 
UNTIL COUNT = 0 
ENDIF 
END DIVIDE 


When this algorithm is implemented on a computer 
which does not have a direct compare instruction the 
comparison is done by subtraction and the inner loop of 
the algorithm is modified as follows: 


REPEAT 

DIVIDEND:=DIVIDEND*2 
QUOTIENT: = QUOTIENT*2 
DIVIDEND: = DIVIDEND - DIVISOR 
IF BORROW = 0 THEN 
QUOTIENT: = QUOTIENT + 1 
ELSE 

DIVIDEND: = DIVIDENDDIVISOR 
ENDIF 

COUNT: = COUNT-1 
UNTIL COUNT = 0 


An implementation of this algorithm using the 8049 in¬ 
struction set is shown in figure 6. This routine does an 
unsigned divide of a 16 bit quantity by an eight bit quan¬ 
tity. Since the multiply algorithm of figure 5 generates a 
16 bit result from the multiplication of two eight bit 
operands, these two routines complement each other 
and can be used as part of more complex computations. 


ISIS-II HCS-48.TIPI-41 HflCRO fiSSEMBLER. V2. 0 


LOC OBJ SEQ SOURCE STfiTEHENT 

1 fPIftCROFILE 

2 fINCUI0E<:Fl:DIV16. HED) 


“ 4 ^ ♦ 
= 5.J* DIV16 * 
= 6 * 

= S i* * 
= Si* THIS UTILITY PROVIDES BN 16 BV 8 UNSIGNED DIVIDE * 
= 10 ;* AT ENTRY: * 
= 11;* fi = LOWER EI(»1T BITS OF DESTINATION OPERAND * 
= 12 ;* XR= UPPER EIGHT BITS OF DIVIDEND * 
= 13 ;* Rl= POINTER TO DIVISOR IN INTERNAL MEMORY ♦ 
= 14 ;* * 
= 15 ;* AT EXIT: * 
= 16 ;* A = LOWER EIGHT BITS OF RESULT * 
= 17;* JtfT=REmiNDER * 


Figure 6 
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LX XJ 


SEQ 


SOURCE STATEMENT 


= 18 C = SET IF O’tCRFLOW ELSE XEARED * 

= 19 ♦ 

21 . 

22 

22 fINaUDE<:Fl:DIV16.PDL) 

= 24.;1DIV16 
= 25:1C0UNT:=8 

= 26 ^1 DIVIDEND! 15-8] X^IVIDENDC 15-8 ]-&IVI^ 

= 2? IF B0RR0H=8 TICN /* IT FITS<=/ 

= 28 .! 2 SET OVERFLOW FLAG 
= 29 .!l ELSE 

= 30.: 2 RESTORE DIVIDEND 

= 31.: 2 REPEAT 

= 32:3 DIVIDEND:=DIVIDEND*2 

= 33 :3 QUOTIENT =QU0TIENT*2 

= 34:3 DIVIDEND! 15-8 ]:=DIVIDENDC 15-8 H>I VISOR 

= 35 .:3 IF BORROW^l THEN 

= 36 .:4 RESTORE DIVIDEND 

= 37:3 ELSE 

= 38:4 QUOTIENT! 03=1 

= 39:3 ENDIF 

= 40 .-3 COUNT :=COUNT-l 

= 41:2 UrmL COUNT=0 

= 42 .: 2 XEAR OVERFLOW FLAG 

= 43:1 ENDIF 

= 44 ENDDIVIDE 

45 .: 

46 EQtJATES 

47 ^ =====:== 

48 : 

0002 49 EQU R2 

0003 50 COUNT EQU R3 

51 .: 

52 lEJECT 

53 «NCLUDE(:F1;DIV16.> 

= 54 il DIV16: 

0000 2A = 55 DIV16: XCH R.XA , ROUTIf€ WORKS MOSTLV WITH BUS 15-8 

= 56;1C0UNT:=8 

0001 BB88 =57 MOV C0UNT.#8 

= 58 :1 DIVIDEND! 15-8 ]:=DIVIDEND! 15-8H>IVISOR 
0003 37 = 59 CPL A 

0004 61 = 60 ADD A..eRl 

0005 37 = 61 CPL A 

= 62 ;1 IF BORROH=0 THEN /* IT FIlS*/ 

0006 F60B =63 JC DIVIA 

= 64:2 SET OVERFLOW FLAG 

0008 A7 =65 CPL C 

0009 0424 =66 JMP DIVIB 

= 67 ELSE 
= 68 DIVIA: 

= 69 . 2 RESTORE DIVIDED 

000B 61 =70 ADD A.@R1 

= 71 :2 REPEAT 

= 72 DIVILP: 

= 73:3 DIVIDEND;=DIVIDEND*2 

Figure 6 (continued) 
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WJV t I t It-i f ! ‘»‘c. 


000C 97 

= 

75 


CLR C 

000D 2A 

= 

76 


XCH H, XH 

000E F7 

= 

7? 


PLC A 

000F 2A 

= 

78 


XCH A..XA 

0010 F7 

= 

79 


RLC A 

0011 Ebl8 

= 

80 


JNC DIVIE 

0012 27 

= 

81 


CPI A 

9014 61 


82 


ADD A,0R1 

0015 37 

= 

83 


CPL A 

0016 0420 

= 

84 


.'.MP DIVIC 


= 

85 

- 

DIVIDENDC15-8]:=DIVIDENDC15H 

0018 37 

= 

86 

DIVIE 

CPL A 

0019 61 

= 

87 


ADD A,. 0R1 

001fi 37 


88 


CPL A 


= 

89 


IF B0RR0U=1 THEN 

001B E620 


90 


JNC DIVIC 


= 

91 

;4 

RESTiM DIVIDEND 

801[> 61 

= 

92 


ADD A, 0Ri 

001E 0421 

= 

93 


m- DIVID 


= 

94 

f 3 

ELSE 



95 

DIVIC. 



= 

96 

.4 

i5UOTIENT[0].=l 

0020 lA 

= 

97 


INC XA 


= 

98 

.^3 

ENl'IF 


= 

99 


C-XINT =CaiNT-l 


= 

100 

.* c. 

UNTIL COUNT=0 

0021 EBOC 

= 

101 

DIVID: 

DJNZ COUNT. DIVILP 


= 

102 


CLEAR 0‘/ERFL0W FLAG 

0022 97 

= 

193 


CLR C 


= 

104 

.1 ENDIF 


= 

105 

ii EHDDIVIDE 

0024 28 

= 

106 

DIVI8 

XCH A.. XA 

9025 S3 

r 

107 


RET 



108 

END 



USER svrms 

COUNT 0002 
XA 0002 

ASSEHBLV COHPLETE. W ERRORS 


Dr^6 0000 DIVIR 0006 DIVIB 0024 DIVIC 0020 DIVID 0021 DIVIE 0018 DIVILP 000C: 


Figure 6 (continued) 
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BINARY AND BCD CONVERSIONS 

The conversion of a binary value to a BCD (binary coded 
decimal) number can be done with a very straight¬ 
forward algorithm: 


CONVERTJ’Q.BCD: 
BCDACCUM:=0 
COUNT: = PRECISION 
REPEAT 

BIN: = BIN * 2 
BCD: = BCD * 2-f CARRY 
COUNT: = COUNT-1 
UNTIL COUNT = 0 
END CONVERT_JCLBCD 


The variable BCDACCUM is a BCD string used to ac¬ 
cumulate the result; the variable BIN is the binary num¬ 
ber to be converted. PRECISION is a constant which 
gives the length, in binary bits of BIN. To see how this 
works, assume that BIN is a sixteen bit value with the 
most significant bit set. On the first pass through the 
loop the multiplication of BIN will result in a carry and 
this carry will be added to BCD. On the remaining 
passes through the loop BCD will be multiplied by two 
15 times. The initial carry into BCD will be multiplied by 
2^® or 32678, which is the “value” of the most significant 
bit of BIN. The process repeats with each bit of BIN 
being introduced to BCDACCUM and then being scaled 
up on successive passes through the loop. Figure 7 
shows the implementation of this algorithm for the 
8049. 
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ISI5-11 l1C:S-48/UPI-41 HflCRO flSSO^LER. V2. 0 


LOC OBJ 


SEQ 


SOURCE STflTEMENl 


1 fllflCROFILE 

2 fINCUlDE(;Fl:CONBCD HED) 


4 

5 

6 

7 

8 
9 

18 

11 

12 

13 

14 

15 

16 

17 

18 
19 
28 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 



CONaTi 

* 

* 

♦ 



♦ 


THIS UTILITV CONVERTS A 16 BIT BINARY VALUE TO BCD 

* 


AT ENTRY 

* 


A = LOWER EIGHT BITS OF BINARY Vft.UE 

■M 

; ♦ 

:4A= UPPER EIGHT BUS OF BINARY VALUE 

* 

* 

R0= POINTER TO A PACKED BCD SIRING 

* 



♦ 

* 

AT EXIT 

* 

.i’l- 

A = UNDEFINED 

* 

f* 

XA= UNDEFINED 

* 


C = SET IF OVERFLOW aSE aEARED 




* 

:t*************************************^^***********************^***^ 


$INaUDE<:Fl:COf©CD.PDL> 

CCWVERT.TO-BCD 
il BCDftCC;=0 
..1 COUNT =16 
.1 REPEAT 
:2 BIN;=BIN*2 
;2 BCD;=BCD*2+CARRV 
;2 IF CflRRV FROM BCDfiCC GOTO ERROR EXIT 
j 2 COUNT :=CaWT-l 
;1 UNTIL COlWT=8 
; 1 END CONVERT.TO_BCD 


0005 


08^ 28 


35 i EGHJATE5 

7g : ======= 

- 


0082 

38 XA 

EQU 

R2 

8883 

39 COUNT 

EQU 

R3 

8884 

40 ICNT 

41 ; 

EQU 

R4 

0883 

42 DIGPR 

EQU 

3 


43 ; 

44 SEJECT 

45 IINaUDE< ;Fl COf«CD) 

46 .. 

47 TEMPI SET R5 

48 ; 

49 .1 JXNVERT.TO_BCD 

50 CNBCD 

51 ii BCDACC;=8 

52 XCH A, R0 


Figure 7 
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LCa: iJBJ 


SEQ 


Smi-Ji S rRTE^€NT 


0801 fi9 

= 

53 


MOV 

Rl.. fi 

m2 28 

= 

54 


XCH 

fi, R0 

0003 BC03 


55 


MCV7 

ICNT, #DIijF*R 

0005 6100 

= 

56 BiCDCCi^^ MOV 

0F:i,#i30 

0007 19 

= 

57 


m 

Rl 

0V308 Ei:05 

= 

CO 

-j.:. 


DJNZ 

ICNT.BCl'COfl 



59 

;1 

COUNT =16 


i308fi 6B10 

= 

60 


MiTV 

COUNT, #16 


= 

61 


REPEfiT 




62 

BCDCiOB: 



= 

61 

• 2 

b;n;=bin*; 

2 

000i: 97 

- 

64 


CLR 

C 

000D F? 

= 

65 


RLC 

ft 

000E 2fi 

= 

66 


XCH 

ft,Xfi 

mf F7 

= 

67 


RLC 

fi 

0010 2fi 


63 


XCH 

fi, XH 



69 

= 2 

E:CD:=BC0*2+CfiRPV 

0011 28 


70 


XCH 

fi,R0 

0012 69 


71 


MOV 

Rl..fl 

0013 28 

= 

72 


XCH 

ft,R0 


0014 mi = 72 IHDV ICNT. #[)IGPR 

0016 fiD = 74 IHjV TEf1Pl.fi 

0017 FI = 75 BCDOC: MOV fl.0Rl 

8018 71 = 76 HDDC: fi.- 0R1 

0019 57 = 77 [)fi fi 

001fi fil = 78 MOV 0Rl..fl 

8016 19 = 79 INC R1 

0010 EC17 = 80 DJNZ ICNT.BCDOC 

001E FD = 81 MOV fi.TEMPI 

= 82 i 2 IF CfiRRV FRCH1 BCDfiCC (MTO ERRiDR EXIT 
001F F624 = 83 JC BCDCXIO 

= 84; 2 COUNT :=C0IJNT-1 
= .35 ; 1 UNTIL C0UNT=8 

0021 EB0C = 86 D.INZ COUNT.. BCDCC® 

0023 97 = 87 CLR C ; CLEAR CfiRRV TO irtf)ICfiTE NORMAL TERMINATION 

= 88 ; 1 Ef^D C0NVERT_T0.BCD 
0024 83 = 89 BCmiD RET 


90 E^^C? 


USER SVMBOLS 

BCDCOft 0005 BCDCOB 000C BCDCOD 8824 BCDOC 0017 CNBCD 0000 COUNT 0003 DIGPR 0803 ICNT 0084 

TEMPI 0805 ;<fl 8082 

ASSEMBLV COMPLETE,. NO ERRORS 


Figure 7 (continued) 
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The conversion of a BCD value to binary is essentially 
the same process as converting a binary value to BCD. 

CONVERT_TO_BINARY 
BIN: = 0 

COUNT: =DIGNO 
REPEAT 

BCDACCUM:=BCDACCUM * 10 
BIN:=10 * BIN + CARRY DIGIT 
COUNT: = COUNT-1 
UNTIL COUNT = 0 
END CONVERT_TO_BINARY 

The only complexity is the two multiplications by ten. 
The BCDACCUM can be multiplied by ten by shifting it 
left four places (one digit). The variable BIN could be 
multiplied using the multiply algorithm already dis¬ 
cussed, but it is usually more efficient to do this by mak¬ 


ing the following substitution: 

BIN = 10 * BIN = (2) * (5) * (BIN)=2 *(2 * 2+1) * BIN 

This Implies that the value 10 * BIN can be generated by 
saving the value of BIN and then shifting BIN two places 
left. After this the original value of BIN can be added to 
the new value of BIN (forming 5 * BIN) and then BIN can 
be multiplied by two. It is often possible to implement 
the multiplication of a value by a constant by using such 
techniques. Figure 8 shows an 8049 routine which con¬ 
verts BCD values to binary. This routine differs slightly 
from the algorithm above In that the BCD digits are read, 
and converted to binary, two digits at a time. Protection 
has also been added to detect BCD operands which, if 
converted, would yield binary values beyond the range 
of the result. 


ISIS-I! f1CS“4S/IJPI-41 MftCRO fiSSEMBLER, V2, 8 


LOC OBJ SEQ SOURCE STATEMENT 

1 IMACROFILE 

2 $INail>E( Fl;Ci>IBIN.HED) 


= 4 : * * 

= 5.;* CONBIN * 

= 6 ;* * 


= 8 * 

= 9 .:* THIS UiTLITV CONVERTS A 6 DIGIT BCD VALUE TO BINARY ♦ 

= 10..* AT ENTRY * 

= 11 :* R0= F-OINTER TO A PACKED BCD STRING * 

= 12 * 

= 13 .i* AT EXIT: ♦ 

= 14 A = LONER EIGHT BITS OF THE BINARY RESULT ♦ 

= lb ; * Xf;= I.PPER EIGHT BITS CF THE BINARY RESULT ♦ 

= 16 ;* C = SET IF OVERFLOW ELSE CLEARED * 

= 17 * 


19 

20 ; 

21 IINCLUDE( :FI:CONBIN. PDL) 

= 22 

= 23 ; 

= 24 ;1 CONVERT.TO-BINARY 

= 25 ;1 POINTER0:=POINTER0+DIGITPAIR-1 

= 26 ;1 COUNT:=DIGITPAIR 

= 27;1BIN:=0 

= 23 ;1 REPEAT 

= 29 .2 BIN:=BIN*ie 

= 30 ;2 BIN:=BIN+MEM<R0)C7-4] 

= 31 .:2 BIN:=BIN*10 

= 32.; 2 BIN:=BIN+l1EM(R0>[3-03 
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SOURCE STATEHENT 


LOC OBJ SEQ 

= 33 ;2 roiNTERO =PO1N7ER0-1 

= 34 .2 COI.!rjT;=COUHT-l 

= 35 , 1 UNTIL CCiLlNT=0 
= 3E . 1 END CONV’ERT.TO^ir^V 

37 i 

3S EfflIfiTES 



IQ . ==-== 

40 



0002 

41 Xfl 

EQU 

R2 

8003 

42 COUNT 

EQU 

R3 

8004 

43 ICNT 

44 ; 

EQU 

R4 

0803 

45 DIGPR: 

46 ; 

47 SE-JECT 

EQU 

3 


43 IINCLIJDE( :F1;CI3NBIN) 


= 49 .. 



0005 

= 50 TEMPI 

SET 

R5 

0006 

= 51 TEMP2 

SET 

R6 


= 53 .:1 CONV‘ERT_TO_eiNftRV 
= 54 CONBIN; 

= 55 POINTER0:=POINTER0+Oli3ITPflIR-l 


0000 F8 

= 

56 

M(V7 

A. R0 

0001 0302- 

= 

57 

fiDD 

A. #D1QPR>1 

0003 08 

= 

58 

MOV 

R0.A 


= 

59 ;1 COUNT;=DIGITPflIR 

0004 BB03 

= 

60 

MOV 

COUNL #DIGPR 


= 

61 i 1 BIN =0 


0006 27 

= 

62 

CLR 

A 

0007 fifi 

= 

63 

MOV 

XA.' A 


= 

64 il REF-EflT 



= 

65 CCNBLP; 



= 

66 ;2 

BIN:=BIN*10 

0008 1426 

= 

67 

CALL 

cmid 

0000 F62ft 

= 

68 

JC 

COMBER 


= 

69 ;2 

BIN.=BIN+MEMCR0)[7-4] 

000C RD 

= 

70 

MO^^ 

TEMPI. A 

000D F0 

= 

71 

MOV 

A. @R0 

00e€ 47 

= 

72 

SWAP 

A 

000F 530F 

= 


fin 

A.. #0FH 

0011 6D 

= 

74 

RDD 

A. TEMPI 

0012 2fl 

= 

75 

XCH 

A. XA 

0013 1300 

= 

76 

me. 

A..»00 

0815 2R 

= 

77 

XCH 

A.. XR 

0016 F62fl 

= 

78 

JC 

COMBER 


= 

79 .2 

BIN;=BIN*10 

0018 142B 

= 

80 

CALL 

CONB10 

001fl F62fl 

= 

81 

JC 

COTTER 


= 

82 ;2 

BIN;=BIN+MEM(R0)[3-0] 

001C RD 

= 

33 

MOV 

TEMPI.. A 

001D F0 

= 

84 

MOV 

A..0R0 

001E 530F 

= 

35 

RHL 

A. #0FH 

0020 6D 

= 

86 

RDD 

A> TEMPI 

0021 2fl 


87 

XCH 

A. XA 
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SOURCE STATEMENT 


LOC OBJ SEQ 


0022 

1200 

= 

88 

ADDC 

a *00 


0024 

2A 


89 

XCH 

fi/XA 


0025 

E62A 


90 

JC 

C0N3ER 




= 

91 

.j2 POINTER0;=POINTER0-1 

0027 

C8 


92 

DEC 

R0 




= 

92 

;2 C0Ur^T:=C0UNT-l 




= 

94 

UNIIL CaWT=0 


0028 

EB08 

= 

95 

D..rN2 

COUNT. CONBLP 



= 

96 END CONVERT.TO-BINARV 


002A 

82 

= 

97 CO^^eER: RET 





= 

98 REJECT 





= 

99 

; 





= 

100 






= 

101 

UTILITV TO MULTIPLY BIN BY 10 



= 

102 

CARRY WILL BE SET IF OVERFLOW OCCURS 



= 

102 




002B 

AD 

= 

104 CONB10; MOV 

TEMPI . A .. 

SAVE A 

002C 

28 

= 

105 

XCH 

A.XA ; 

SAVE XA 

002D 

RE 

= 

106 

MOV 

TEMP2..A 


002E 

2A 

= 

107 

XCH 

axR 




= 

108 

f 



002F 

97 

= 

109 

aR 

C 


0020 

F7 

= 

110 

RLC 

A i 

BIN;=BIN*2 

0021 

2A 

= 

111 

XCH 

axA 


0022 

F7 

= 

112 

RLC 

A 


0022 

2A 

= 

112 

^CH 

A.XA 


0024 

F646 

= 

114 

JC 

CONBIE ; 

ERROR ON OVERFLOW 



= 

115 

: 



0026 

F7 

= 

116 

RLC 

A 

BIN:=BINM 

0027 

2A 

= 

117 

XCH 

axR 


0023 

F7 

= 

118 

RLC 

A 


0029 

2R 

= 

119 

XCH 

A..XA 


002A 

F646 

= 

120 

JC 

CONBIE 

ERROR ON OVERFLOW 



= 

121 

i 



002C 

6D 

= 

122 

ADD 

A. TEMPI i 

B1N:=BIN*5 

002D 

2R 

= 

122 

XCH 

R.XA 


002E 

•7E 

= 

124 

ADDC 

A.. TEf1P2 


002F 

2A 

= 

125 

XCH 

A.. XA 


0040 

F646 

= 

126 

JC 

CONBIE 

ERROR ON OVERFLOW 



= 

127 




0042 

F7 

= 

128 

RLC 

A 

BIN:=BIN*10 

0042 

2A 

= 

129 

XCH 

axA 


0044 

F7 

= 

120 

RLC 

A 


0045 

2R 

= 

121 

XCH 

a XA 




= 

122 

■ 



0046 

82 

= 

122 

CONBIE: RET 





= 

124 





= 125 ; 

126 END 

USER SYMBaS 

CONB10 002B CONBIE 0846 CCtfCER 002A COJCIN 0000 CONBLP 8008 COUNT 0002 DIGPR 8002 ICNT 

TEMPI 0005 TEMP2 0006 XA 0002 

ASSEMaV COMPLETE. NO ERRORS 


0004 
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real time available to the 8049 will be consumed by the 
serial link. This implies that an 8049 running full duplex 
serial I/O will still outperform earlier members of the 
family running without the serial I/O requirement. It is 
also possible to run this program in an 8048 or 8748 at 
1200 baud with the same 42 percent CPU utilization. 

The execution times for the other routines that have 
been discussed have been summarized in Table 1. All of 
these routines were written to maintain maximum use- 
ability rather than minimum code size or execution time. 
The resulting execution times and code size are there¬ 
fore what the user can expect to see in a real applica¬ 
tion. The results that were obtained clearly show the ef¬ 
ficiency and speed of the 8049. The equivalent times for 
the 8048 are also shown. It is clear that the 8049 repre¬ 
sents a substantial performance advantage over the 
8048. Considering, in most applications, that the 8048 is 


ncvp ioHuiiou tuo muu i i — uuiiipuier power Tor a single 
chip approach. 


EXECUTION TIME 
(MICROSECONDS) 



BYTES 

8049 

8048 

MPY8 

21 

109 

200 

DIV 16 

37 

183 MIN 
204 MAX 

335 MIN 
375 MAX 

CONBCD 

36 

733 

1348 

CONBIN 

70 

388 

713 


Table 1. Program Performance 
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I. PURPOSE AND SCOPE 

This Application Note presents a description of the 
design and operation of a high-speed emulator for the 
Intel® MCS-48'*'^ family of single chip microcomputers. 
The HSE-49^'^ emulator provides a simple and inexpen¬ 
sive means for executing and debugging 8049 programs 
which require the full 11-MHz operating speed of the 
part. 

Section II of this Application Note describes some of 
the features of this development tool and how it may be 
used. Section III briefly discusses the hardware used to 
implement these features, while Section IV describes 
the manner in which program execution status is made 
available to the operator. 

A detailed description of all of the operator commands 
is presented in Section V of this note, along with the 
modifiers and options which may be specified for each 
command. Known restrictions and limitations of the 
HSE-49 system are listed and explained in Section Vi. 
Section VII shows how the basic circuit may be 
modified to provide options on memory organization, I/O 
configurations, etc. 

Full schematics of the system hardware, as well as 
monitor software listings, are presented in Appendices 
A and B, respectively. A short summary of the command 
syntax is presented in Appendix C,. Appendix D ex¬ 
plains the error message codes which may appear dur¬ 
ing use. 

It is assumed that the reader is already familiar with the 
operation of the 8048 or 8049 microcomputers. Some 
knowledge of the 8048 architecture is needed to under¬ 
stand sections of the command and modifier descrip¬ 
tions. Most users will already have this background. 
Other readers are referred to the MCS-48 Microcom¬ 
puter User's Manual, Intel publication number 9800270. 


II. THE HSE-49 DEVELOPMENT TOOL 

In essence, the HSE-49 emulator provides the user a 
means for executing an MCS-48 program located in ex¬ 
ternal RAM rather than internal ROM or EPROM. This 
allows programs being debugged to be modified easily 
and quickly during the debug cycle. A user’s program 
may be entered into system RAM either manually or via 
a serial link from a host computer such as an In- 
tellec® Microcomputer Development System. Once 
loaded, the program can be modified using an on-board 
keyboard and display, and executed In real-time In a 
number of breakpoint modes. The Internal state of the 
processor, including RAM, accumulator, tImer/counter, 
and status register contents, can also be read and 
modified through the keyboard. 

Breakpoint and debug facilities are extremely flexible. 
The following execution modes are provided. 

• Programs may be run in full (11 MHz) real time; 

• Programs may be single-stepped; 

• In break mode, programs run in full real time until 
break occurs; 


• Breaks may be triggered by either program or exter¬ 
nal data RAM accesses; 

• Any number of breakpoints may be used In any 
combination; 

• “Auto-Step” operation causes the current program 
counter and Accumulator contents to be printed on 
the display for a short time on every Instruction 
cycle; 

• “Auto-Break” provides the above display only when 
a break flag is encountered, with real time opera¬ 
tion otherwise; 

• While running in non-break mode, aTTL-level pulse 
is generated whenever a break flag is encountered. 
This signal may be used to trigger an oscilloscope 
or Logic Analyzer to assist in hardware and soft¬ 
ware debug. 

• While running in any mode, the keyboard and 
display are “alive”. Execution may be suspended or 
terminated by commands from the keyboard. 


Intent of this Note 

While the HSE-49 emulator can assist a new microcom¬ 
puter user in becoming familiar with the 8048 and 8049 
microcomputers, its inherent debug capabilities will 
also prove helpful to design engineers. The design 
could be used for new system development and verifica¬ 
tion or adapted for prototype production. 

The main concern in designing the HSE-49 emulator was 
to keep the basic design simple, while maximizing the 
system’s flexibility. The design allows the use of 
jumpers, hardware and software switches, etc. to aliow 
the user to reconfigure the system according to the way 
he dedicates chip-select pins, I/O, etc. The emulator can 
be changed to fit each user’s unique needs, rather than 
forcing the user to alter his needs to what is provided. 

The primary Intent of note is to provide the reader with 
the Information needed to reconstruct and make full use 
of the HSE-49 emulator. Less emphasis is placed on 
describing how the hardware operates or how the com¬ 
mands are Implemented. This Information may be found 
in the schematic diagrams and software listings in¬ 
cluded in the Appendices. 


III. GENERAL HARDWARE OVERVIEW 
User Program Emulation 

The actual emulation of the user’s program is done 
using an 8039 microcomputer (IC29 on the schematics 
In Appendix A) executing a program stored in external 
RAM. The basic minimum configuration includes the 
8039 microcomputer, an 8282 address latch (IC19), and 
2K bytes of 2114 RAM to use for program development 
and real-time execution (ICs B1, Cl, B2, and C2). Addi¬ 
tional RAM may be added to allow the user to expand 
his program and data memory to 4K each. (If an 11-MHz 
crystal is used with the microcomputer, type 2114-3 
RAMs must be used.) 


6-3 



. ^ ^ W ww«Aa I il V/l KJ 

keyboard and display, interpret and implement com¬ 
mands, drive serial interfaces, etc. In general, the 
master processor is used to interface the execution 
processor’s memory spaces with the outside world and 
control the operation of the execution processor. In this 
note the two processors will be abbreviated “MP” and 
“EP”, respectively. Figure 1 shows how the two proc¬ 
essors interrelate with the rest of the system, 
system. 

Keyboard/Display 

The 33-key keyboard shown in Figure 2 includes a 16-key 
hexidecimal keypad and 17 special function keys for 
specifying commands and modifiers. Readers already 


ditlonal keys are used to generalize and augment the 
PROMPT-48 capabilities, as described In Section V. 

The eight-character seven-segment display (DS1--DS8) 
is used for displaying addresses, data, and pseudo- 
alphanumeric messages. The display responses printed 
in Section V and throughout this note use a mix of upper 
and lower case letters to indicate what seven-segment 
patterns appear. An 8243 (IC9) and eight DIP packages 
(resistor packs, current buffers, etc.) are used for 
multiplexing the display and scanning the keyboard. 

Breakpoint Detection 

Breakpoints are specified and detected using a 2102A 
1Kx8 RAM corresponding to each pair of 2114s (ICs A1 
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and A2). In effect, each program or data address ac¬ 
cesses a 9-bit word. Eight bits are used normally for 
code or data storage. The ninth bit, accessed in parallel 
with the other eight, is used to Indicate if a breakpoint 
has been set for that address. This output, when 
asserted, is latched (IC27 and IC36) and used to halt the 
execution processor via the single-step input. (In other 
modes, the break logic can be reconfigured to set the 
break requested flip-flop on any EP machine cycle or 
any EP “MOVX” instruction.) 

Link Register 

An 8212 8-bit latch (IC18) is used to communicate data 
and commands between the master and control proc¬ 
essors. Under control of the MP, this register, called the 
“Link” register, may be logically mapped into either the 
program or data RAM address spaces. When this is 
done, the 2114s in the respective memory space are 
disabled and the link responds to all accesses, 
regardless of address. The link will be discussed in 
greater detail in Section IV. 

Control Logic 

In addition to the devices mentioned above, the 
minimum configuration requires about 10 additional ICs 
for bus arbitration, system control, and breakpoint and 
single-step logic. Additional parts may be optionally 
added for serial port interfacing, I/O reconstruction, etc. 

MP Monitor 

The monitor program executed by the MP includes com¬ 
mands for filling, reading, or writing the various memory 
spaces, including the execution processor’s program 
RAM, external (“MOVX”) data RAM, accumulator, PSW, 
PC, timer/counter, working registers, and internal RAM; 
to execute the user’s program from arbitrary addresses 
in various debugging modes; and to upload or download 
object or data files from diskettes using an In¬ 
tel lec® development system. No special software is 
needed for the tnteliec® other than ISIS Version 3.4 or 
later. The data format is compatible with the standard 
Intel hex file format produced by ASM-4; the baud rate 
may be altered from 110 baud (default state) up to 2400 


baud from the on-board keybad. Blocks of data may be 
transmitted to a CRT or printer and displayed in a 
tabular format. 

IV. INTERPROCESSOR COMMUNICATION 
Program Break Sequence 

When the M P detects that the EP has been halted by the 
breakpoint hardware, or when the operator presses a 
key while the program is executing, the program break 
sequence is Initiated. The low-order 23 bytes of user pro¬ 
gram memory Is read into a buffer within the Internal 
RAM of the MP. A short program for reading and 
transmitting internal EP status Is written over the low- 
order program memory. (This is one of several “mini- 
monitors” overlayed over the user program area.) The 
link register is mapped logically over the user program 
memory, and loaded with the 8049 machine code for a 
“CALL” Instruction to the mini-monitor program area. 
The EP Is then allowed to fetch a single instruction from 
the link, I.e., the “CALL” to the mini-monitor Is forced 
onto the EP data bus. 

From this point on, the EP executes code contained in 
the mini-monitor. The link is logically mapped over the 
data RAM address space (whether or not any 2114 data 
RAMs are present). A block diagram of the system at 
this point is shown in Figure 3. The break logic is recon¬ 
figured so that any “MOVX” (RD or WR) operation ex¬ 
ecuted by the EP will cause it to halt. 

For example, after entering the first mini-monitor, the 
EP executes a “MOVX @R0,A” instruction. This writes 
the contents of the accumulator prior to the execution 
termination into the link, and causes the EP to halt. The 
MP may then read and retain the link contents to deter¬ 
mine the EP accumulator value. The EP timer/counter 
and PSW are preserved in the same manner. 

Accessing EP Internal RAM 

After reading and saving EP internal status, the MP 
loads a different mini-monitor into the same RAM area. 
This monitor allows the internal RAM of the EP to be 
read and written by the MP by passing address and data 
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values between the two processors using the link 
register. 

This is needed for two reasons. First, the EP program 
counter prior to the forced “CALL” instruction may be 
derived from the EP stack contents, and may be 
modified to cause the EP to resume execution at any 
desired address. Secondly, the internal RAM of the EP 
may then be accessed and modified in the process of 
executing a number of the monitor commands. 

Resuming User Program Execution 

In order to resume user program execution, a status- 
restoration mini-monitor is overlayed. This restores the 
EP internal status using a scheme analogous to the one 
in which the status was originally saved. The final step 
of the last mini-monitor is an “RETR” instruction, after 
which the EP is again halted. The low-order program 
memory saved earlier is rewritten into the appropriate 
area, the break logic is reconfigured for the desired ex¬ 
ecution mode, and the EP is released to run at full speed 
until the next break situation is encountered. 

Note that all commands are implemented using 
“logical” rather than “physical” addressing. Thus the 
operator need not be concerned with the intricacies of 
the system design. For example, when any monitor com¬ 
mand refers to low-order user program memory, the ap¬ 
propriate byte of storage within the MP internal RAM is 
accessed instead. If the location is altered, the internal 
RAM Is modified appropriately. When program memory 
is reloaded prior to resuming user program execution, 
the modified version of the user program will be the one 
loaded. 


Baud 

HR06 

HR07 

110 

93H 

04H 

150 

96H 

03H 

300 

45H 

02H 

600 

9DH 

01H 

1200 

44H 

01H 

2400 

1AH 

01H 


Table 1. Serial Interface Data Rate Parameters 


V. HSE-49 COMMAND DESCRIPTION 

Whenever the characters “HSE-49” are present on the 
system display, a command string may be entered by 
the operator. In general, all command strings consist of 
a basic command initiator, an optional command 
modifier or type-designator, and a number of parameters 
or delimiters entered as hexidecimal digits. A command 
is executed, or a command in progress terminated, by 
pressing the [END/.] key. Logical default values are 
assumed for the modifier and parameters if either (or 
both) are omitted. A defualt parameter assumed for the 
command modifier will be presented on the display 
when the first parameter is entered. 

Each parameter is a string of up to three hexidecimal 
digits. If more than three digits are entered, only the 
most recent three are considered. This allows an er¬ 
roneous digit to be corrected without respecifying the 
entire command. A parameter is completed by pressing 
the [NEXT/,] key. Some commands may only need the 


low order part of a parameter; i.e., a command incor¬ 
porating a data byte (such as [FILL]) will use only the 
low-order 8 bits of the corresponding parameter; Inter¬ 
nal RAM and hardware register addressing uses only 
seven. In each case, higher order bits are ignored. 

A command string is terminated and the command in¬ 
voked by pressing the [END/.] key. The command will 
also be invoked by pressing the [NEXT/,] key when no ad¬ 
ditional parameters are allowed. A command string may 
be aborted at any point before the command is invoked 
by pressing the [CLEAR/PREV] key, and the sign-on 
message will appear. 

Errors 

An illegal command string, command terminator, or 
hardware failure will cause an error message and error 
code number to appear on the display (e.g., “Error-.3”). 
When this occurs, the monitor can be returned to com¬ 
mand mode by pressing the [CLEAR] or [END/.] keys. An 
explanation of the various error codes is given in Appen¬ 
dix D. 

Command Classes 

Commands for the HSE-49 emulator are divided into 
general classes, where all commands in each class have 
the same choice of options or modifiers. A brief descrip¬ 
tion of each command, followed by a description of the 
allowed options, is presented below by class. 

Data Manipulation/Control Command Group 

Commands: 

[EXAM/CHA] 

Display Response — “ECh.” 

Function — Examine/change memory location. 

Causes the memory address specified to be read 
and presented on the display. New data may be 
entered (if desired) from the hexidecimal keypad. 
New data is verified before appearing on the 
display. Subsequent or previous locations may be 
read by pressing the [NEXT/,] or [PREV] keys, 
respectively. Command terminated with [END/.] 
key. 

[FILL] 

Display Response — “FIL.” 

Function — Fill range of memory addresses with a 
single data value. 

Fill the appropriate memory space between the ad¬ 
dresses specified by the first two parameters with 
the low-order byte of the third parameter. If second 
parameter less than first, only the location 
specified by the first is affected. If third parameter 
omitted, zero is assumed. If second and third 
parameters omitted, individual address specified is 
cleared. Command is useful for setting a large 
range of breakpoints; e.g., all of page 3 may be 
enabled for break with the command: 

[FILLKPROG BRKK300>[,K3FF>[,K1>[.] 
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[LIST] 

Display Response — “LSt.” 

Function — List memory to output device through 
HSE-49 serial port. 

Display the contents of a range of addresses given 
by two parameters to a teletype or CRT screen. 
Data is formatted, 16 separated bytes per line, with 
the starting address of each line printed. If used 
with an Intellec® system, the operator first uses 
ISIS-II to transfer the TTY input to the CRT output 
(“COPY :TI: TO ;CO:“) then invokes this command 
from the keypad. Alternatively, any ISIS device or 
disk file name(:TO:, :LP:, :F1:HRDREG.SAV, etc.) 
may be used as the destination. 

[DNLOAD] 

Display Response — “dnL.” 

Function — Download memory through HSE-49 serial 
port 

Load data in hex file format through the serial input 
port. If used with Intellec® system, the operator 
first invokes this command from the keypad, then 
uses ISIS-II to transfer a disk file to the teletype 
port (“COPY : Fn:file.HEX TO :TO:”). 

The use of the checksum field for the download 
command is expanded slightly over the Intel hex 
file format standard. If the first character of the 
checksum field is a question mark (“?”), the 
checksum for that record will not be verified. This 
allows large object files produced by the assembler 
to be patched using the ISIS text editor without the 
necessity of manually recomputing the checksum 
value. 

[UPLOAD] 

Display Response — “UPL.” 

Function — Upload memory through HSE-49 serial 
port. 

Output the contents of a range of addresses 
specified by the two parameters through the 
HSE-49 serial port in standard Intel hex file format. 
If used with Intellec® system, the operator first 
uses ISIS-II to transfer the TTY Input to a disk file 
(“COPY :TI: TO :Fn:flle.HEX”), then invokes this 
command from the keypad. 

Data types allowed: 

[PROG MEM] 

Display Response — “Pr.” 

Function — User program memory. 

Memory used to develop and execute user program. 
Addresses 000 through 7FF are the execution proc¬ 
essor’s memory bank 0; 800 through FFF are 
memory bank 1. 


Function — Register memory and RAM. 

Internal RAM of execution processor. Locations 
0-7 are working register bank 0; 18-1F are working 
register bank 1. Only the low-order 7 bits of an ad¬ 
dress are considered. 

[DATA MEM] 

Display Response — “dA.” 

Function — External data memory (if installed). 

Memory accessed by execution processor “MOVX 
A,@Rr’’ or “MOVX @Rr,A” instructions. High-order 
4 bits may or may not be relevant, depending on 
jumpering option selected (explained in Section VII 
of this note). 

[HARD REG] 

Display Response — “Hr.” 

Function — Hardware registers. 

The execution processor (EP) hardware registers 
(accumulator, timer/counter, etc.), as well as 
several parameters for controlling HSE-49 system 
status, are accessible through this catch-all 
memory space. Addresses are as follows: 

00 — EP accumulator. 

01 — EP PSW. 

Bits correspond to 8049 PSW except that bit 
3 (unused in the 8049) is used to monitor and 
alter the state of FI. Bits 2-0 correspond to 
the stack pointer value after the EP executes 
a CALL to the mini-monitor; i.e., one greater 
than when EP was running the user’s pro¬ 
gram. 

02 — EP timer/counter. 

03 — EP internal RAM location 00. 

(This value is also accessible through 
[REGISTER] space.) 

04 — EP program counter (low byte). 

05 — EP program counter (high nibble). 

06-07 — HSE-49 serial interface baud rate param¬ 
eters. Defaults to 110 baud; other rates may 
be selected by loading the values listed in 
Table 1. 

08—HSE-49 automatic sequencing rate 
parameter. Used in [GO][AUTO STP] and 
[GO][AUTO BRK] execution commands. 00 
fastest; FF slowest. Defaults to 20H; ap¬ 
proximately two steps per second. 

09 — Monitor version/release number (packed 
BCD). 

OA-OF — Currently unused by the monitor program. 

10-7F — Variables used by master processor (MP) 
monitor. Should not be altered by operator. 


[REGISTER] [PROG BRK] 

Display Response — “rG.” Display Response — “Pb.” 
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with breakpoints enabled ([GO][W/ BRK] and 
[GO][AUTOBRK]). Break will occur if enabled byte is 
read as the first or last byte of a 2-byte instruction, 
or read in executing a MOVP, M0VP3, or JMPP in¬ 
struction. Memory is only 1 bit per location; 00 in¬ 
dicates continue, 01 causes a halt. Addresses 000 
through 7FF are the execution processor’s memory 
bank 0; 800 through FFF are memory bank 1. 

[DATA BRK] 

Display Response — “db.” 

Function — External data RAM breakpoint memory. 

Memory space used to indicate points where data 
accesses should halt when running in a mode with 
breakpoints enabled ([GO][W/ BRK] and 
[GO][AUTOBRK]). Memory Is only 1 bit per location; 
00 indicates continue, 01 causes a halt. High-order 
4 bits of breakpoint address may or may not be rele¬ 
vant, dependent on jumpering option selected for 
the corresponding data RAM (explained In Section 
VII of this note). 

User Program Execution Control Group 

Commands: 

[GO] 

Display Response — “Go.” 

Function — Begin execution. 

If a parameter is given as part of the command 
string, execution will begin at that address. Other¬ 
wise, the EP program counter (hardware registers 
04 and 05) will be used. These will contain the pro¬ 
gram counter from an earlier program execution 
break unless they have since been explicitly 
modified by the operator. 

If command is terminated by [END/.], the EP’s FI, 
PSW and stack pointer will be cleared. If command 
string is terminated by [NEXT/,], PSW will be taken 
from the EP PSW contents (hardware register 01). 

While running the user’s program, the characters 
“-run-.” are written on the display. Execution may 
be halted and another command initiated by press¬ 
ing the appropriate command key. Execution may 
be suspended at any time in any mode by pressing 
the [END/.] key. This will cause the current value of 
the execution processor program counter and ac¬ 
cumulator to appear on the display in the form 
“PC.234-56”. System status is saved in the 
appropriate hardware registers. At this point, or 
when an enabled breakpoint is encountered, press¬ 
ing the [NEXT/,] key will cause the program to con¬ 
tinue In the same mode as before. Any other com¬ 
mand may be invoked by pressing the appropriate 
command string. 

[GO/RESET] 

Display Response — “Gr.” 

AM mnemonics copyrighted©Intel Corporation 1976. 


user b program rrom location UUOH. No parameters 
are allowed. FO, FI, PSW, stack printer, memory 
bank flip-flop, etc., are cleared. 

Note that this command does not require the use of 
mini-monitors to initiate program execution. As the 
last phase of the program development cycle, the 
2114 program RAMs and address decoder may be 
removed and replaced by a ROM or EPROM part 
(not shown in schematics). This command may be 
used to start execution when the program RAM has 
been removed. No interrogation of EP status or in¬ 
ternal RAM may be done, nor are break or single- 
step modes allowed in this case, though the 2102A 
breakpoint RAM outputs may still be used to trigger 
a logic analyzer. 

Execution modes allowed: 

[NO BRK] 

Display Response — “nb.” 

Function — Without breakpoints. 

Full-speed execution without breakpoints enabled. 
Does not affect the state of the breakpoint 
memories. 

[SING STP] 

Display Response — “SSt.” 

Function — Single Step. 

Step through program one instruction at a time. 
After each instruction is executed, execution halts 
with the current value of the Execution Processor 
Program Counter and Accumulator appearing on 
the display in the form “PC.234-56”. System status 
is saved in the appropriate Hardware Registers. At 
the point, [NEXT/,] will cause the program to ex¬ 
ecute one more instruction, or any other command 
may be invoked by pressing the appropriate com¬ 
mand string. Does not affect the state of the Break¬ 
point Memories. 

[W/ BRK] 

Display Response — “br.” 

Function — With breakpoints. 

Full-speed execution with breakpoints enabled. 
When a breakpoint Is encountered, execution halts 
with the current value of the execution processor 
program counter and accumulator appearing on the 
display in the form "PC.234-56”. System status is 
saved In the appropriate hardware registers. At this 
point, [NEXT.,] will cause the program to continue 
until the next breakpoint is reached, or any other 
command may be invoked by pressing the ap¬ 
propriate command string. 

[AUTO STP] 

Display Response — “ASt.” 

Function — Automatically sequence through a series 

of instructions. 
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step through program one Instruction at a time. 
After each Instruction Is executed, execution halts 
with the current value of the execution processor 
program counter and accumulator appearing on the 
display In the form “PC.234-56”. System status Is 
saved In the appropriate hardware registers. Execu¬ 
tion resumes after a time determined by contents 
of hardware register 08. Does not affect the state of 
the breakpoint memories. 

[AUTO BRK] 

Display Response — “Abr." 

Function — Automatically sequence between break¬ 
points. 

Execute a series of instructions In real time 
between breakpoints. When breakpoint is en¬ 
countered, halt EP temporarily while program 
counter and accumulator contents are displayed, 
then continue. Display Is sustained after execution 
resumes. Does not affect the state of the break¬ 
point memories. 

Breakpoint Control Command Group 

Commands: 

[B] 

Display Response — “Stb.” 

Function — Breakpoint set. 

Set breakpoint for the address given. Multiple 
breakpoints may be set by entering additional ad¬ 
dresses, separated by the [NEXT/,] key. Command 
terminated by pressing [END/.]. Action taken Is to 
fill the appropriate breakpoint memory locations 
with logical ones. 

[C] 

Display Response — “CLb.” 

Function — Clear breakpoint. 

Clear breakpoint for the address given. Multiple 
breakpoints may be cleared by entering additional 
addresses, separated by the [NEXT/,] key. Com¬ 
mand terminated by pressing [END/.]. Action taken 
is to fill the appropriate breakpoint memory loca¬ 
tions with logical zeroes. 

Data types allowed: 

[PROG MEM] 

Display Response — “Pr.” 

Function — Break on program memory fetch. 

Applies command to the program breakpoint 
memory space. 

[DATA MEM] 

Display Response — "dA.” 

Function — Break on data memory access. 

Applies command to the external data breakpoint 
memory space. 


System Control Command Group 

Command: 

[SYS RST] 

Display Response — "HSE-49.” 

Function — System reset. 

Reset both the MP and EP and clear all breakpoints 
(requires approximately one second). CAUTION —• 
If reset while EP is executing the user’s program, 
the low order section of program memory (about 23 
bytes) will be altered. 


VI. SYSTEM LIMITATIONS 

In designing the HSE-49 emulator, certain compromises 
were made in an attempt to maximize the usefulness of 
the emulator while keeping the circuitry simple and in¬ 
expensive. As a result, the following limitations exist 
and must be taken Into account when using the system. 

1. As explained in Section IV, user program execution 
is terminated (by single-stepping, breakpoints, press¬ 
ing the [END/.] key, etc.) by forcing the execution 
processor to execute a “CALL” instruction to the 
mini-monitor. This uses one level of the EP 
subroutine stack. The EP PSW reflects the value of 
the stack pointer after processing this CALL. As a 
result, the value indicated for stack depth by examin¬ 
ing the EP PSW (hardware register 01) is one greater 
than the depth when the break was initiated. The user 
program must not be using all eight levels of stack 
when a break is initiated or the bottom level will be 
destroyed. 

2. User program is Initiated (by the [GO] command or 
when resuming execution after a breakpoint, single¬ 
stepping, etc.) by forcing the EP to execute an 
“RETR” instruction. This will clear the EP interrupt- 
in-progress flip-flop. If the user program allows both 
external and timer Interrupts to be enabled at the 
same time, care must be taken to avoid causing a 
break while the EP Is within an interrupt servicing 
routine. No limitation is placed on breakpoints or 
single-stepping in the background program because 
of this. 

3. When the user program execution is terminated (by a 
break, single-stepping, etc.) and later resumed, the 
EP timer/counter is restored to Its value when the 
break occurred (unless modified by the user). The 
prescaler, however, will have changed. Thus, up to 31 
machine cycles may be “lost” or “gained” if a break 
occurs while the timer is running. 

4. Timer interrupts occurring at the same time as an EP 
break may be ignored if the timer overflow occurs 
after breaking user program execution before the 
timer value is saved. 

5. The 8049 “RET” and “RETR” instructions are each 
1-byte, 2-cycle instructions. During the second cycle 
the byte following the return instruction is fetched 
and Ignored. If a program breakpoint is set for a loca¬ 
tion following a “RET” or “RETR” instruction, a break 
will be initiated when the return is executed. 
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6. Breakpoints should not be placed in the last 3 bytes 
of an EP memory bank (locations 7FDH-7FFH and 
OFFDH-OFFFH). User program should not be single- 
stepped or auto-stepped through these locations. 

7. Since I/O configuration is determined by external 
hardware rather than software, I/O modes may not be 
altered while a program is executing. (See Section VII 
for further details.) 

8. The “ANL BUS,#nn” and “ORL BUS,#nn” instruc¬ 
tions may not be used in the user program, as exter¬ 
nal hardware cannot properly restore these func- 
tions- 

9. The memory bank select flag Is not affected by the 
user program break sequence. Upon resuming execu¬ 
tion with the [GO] command this flag will remain in 
the same state as before the preceding break. The 
flag may be cleared only by executing the 
[GO/RESET] or [SYS RST] commands. 


VII. HARDWARE CONFIGURATIONS 

A number of control and status lines are available to the 
user. All are low-power Schottky TTL-compatible 
signals. 

TP1 —• Unused MP input. 

TP2 — Unused MP output. 

TP3 — User program suspended. Low when EP run¬ 
ning user code. High when halted or running mini¬ 
monitors. 

TP4 — Breakpoint encountered. Normally low. High- 
level pulse generated when breakpoint passed. Useful 
for triggering logic analyzers, oscilloscopes, etc. 

TPS & TP6 — Memory matrix mode control. Select 
program vs. data RAM, link mapping configuration, 
etc. (See Appendix B for details.) 

TP7 — Bus control. Low when MP controls common 
memory buses. High when EP controls memory 
buses. 

The HSE-49 emulator hardware is designed to allow the 
user to reconfigure the system for a wide variety of dif¬ 
ferent applications by installing or removing jumper 
wires or additional components. The schematics in Ap¬ 
pendix A show the components needed for a variety of 
different configurations. In general, not all of the 
devices are required (or allowed) for any one configura¬ 
tion. The devices which are required are included in the 
following description. 

The types of options allowed are divided below into 
several general classes and subdivided into mutually- 
independent features. Within some of these features 
there are numbered, mutually exclusive configurations; 
i.e., the serial interface (if desired) may use either 


current-loop or RS-232C current buffers, but not both at 
one time. 

Standard Operating Configuration 

(Minimum system configurations — up to 4K program 
RAM; no data RAM; no serial interfaces; no execution 
processor I/O reconstruction.) 

A. Basic 2K monitor from Appendix B: 

Install resistors R4-R6 
Install transistor Q1 
Install crystals Y1-Y2 
Install capacitors C5-C38 
Install switches S1-S33 
Install displays DS1-DS8 
Install IC1-IC2 
Install RP3-RP5 
Install IC6-IC7 
Install RP8 
Install IC9 
Install IC15-IC20 
Install IC25-IC30 
Install IC34 
Install IC36-IC38 
Install A1-A2 
Install B1-B2 
Install C1-C3 
Install jumpers 13-15 
Install jumpers 17-18 
Install jumper 20 

B. Expansion 2K monitor: 

Install IC14 
Remove jumper 17 

Serial Interface Buffer Selection 

A. Current loop serial interfaces (4N46s) installed for 
use with full Intellec® Model 800 development 
system TTY port. 

Install IC21-IC22 
Install resistor R1-R3 
Install jumpers 4-9 
(Remove RS-232 jumpers) 

B. RS-232C serial interfaces (MCI488 and MCI489) in¬ 
stalled for use with CRT as output device for data 
dumps: 

Install IC23-IC24 
Install jumpers 1-3 
Install jumpers 10-11 
(Remove current-loop jumpers) 

External Data RAM Address Decoding Scheme for Ex¬ 
ecution Processor 

A. Up to 16 pages of on-board external data RAM in¬ 
stalled for execution processor (addresses 0 through 
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OFFFH = 4K bytes); port 2 used for addressing pages 
0 through 15: 

Install jumpers 21-25 
Install jumper 27 
Install A5-A8 
Install B5-B8 
Install C5-C8 

B. One page of on-board external data RAM installed 
for execution processor (addresses 0 through OFFH); 
port 2 not used for data addressing: 

Install jumper 26 
Install jumper 28 
Install A5 
Install B5 
Install C5 

Connect the outputs of IC20, pins 7, 9,10, & 11 to 
the Inputs of a 74LS21 AND gate (not shown). Con¬ 
nect the output to CE and CS inputs of A5-C5. 
(Note: these signals are all present at jumpers 
21-24 on the schematics.) 


Reconstructing I/O for Execution Processor 

A. Application of port 2, pins P23-P20: 

(1) Using P23-P20 for latched output data (used with 
“OUTL P2,A”, “ANL P2,#data”, and “ORL 
P2,#data” instructions): 

Install IC31 

(2) Using P23-P20 for interfacing to an 8243 in user’s 
prototype: 

Connect D3-D0 pins on IC31 socket to cor¬ 
responding Q3-Q0 pins. 

B. Application of execution processor BUS: 

(1) Use of BUS as latched output port (“OUTL 
BUS,A“): 

Install IC32 
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Key Board Display 
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Central Processor 
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fiSM48 HSE49. LNK PRINK iLP;) 


ISIS-II MCG-48/‘UPI*41 NRCRO ASSEMBLER, VIS 
HSE-45)aM) EMIXATOR MONITOR V’ERSION 2. 5 


PAGE 1 


LiX XJ 


SOURCE STATEMENl 


1 IMRCROriLE NOGEN NXOND XREF 

2 $TITLE(''1^SE-49(TM) EMULATuR MONITOR VERSION ^ 50 




^•mm. USE-4S<TN> LMULfiTOR MONITOR 
VERS 2.ty7<J9 

COPWIOT (C) 1979 

INTEL CORPORATION 

3055 GOWERS AVENUE 

SANTA CDIRA, CALIFORNIA 95851 




AG51RACT 


IMIS PROGRAM CONTAINS THE SOTTWARE NECESSARS' 10 RUN THt HSE-49<TM) 
HIGH'-SPEED EMULATOR FOR INTI'S MCS-^(TM) FfiMILV FAMILV OF MICROCOMPUTERS. 
m EMULATOR fWVlDES AN ASSORTMENT OF UTILITY FUNCTIONS FOR 
DEVELOPING AND DEBUGGING 804S~8HSED APPLICATIONS, INaUDlNG HE 
RBILITV TO ENTER ANC^ MODIFY PROGRAMS IN PROGRAM RAM, 
riTER DATA. iimilSMP SECTICNS If A PROGRAM, AND EXECUTE PROGRAMS 
AT SPEDS CJF il‘ TO 11 MHZ. WITH OR WITHOUT BREAKPOINTS ENABLED. 

1!E EfUJLATOR IS DCS-SRIBED IN GPEAIER DEPTH IN INTa'S APPLICATION NOTE 
nP--55. "A HIGH-SPEED EMIXATOR FOR INia ICS“48<TM) MICROCOMPUTERS. “ 

PROGRAM CPGjffllZATION 


THIS LISTHTG IS ORQTNIZED AS FOLLOWS: 

INTRODIXTION AND HARDWARE OVERVIEW; 

VARIABLE DEaRRATION AND DEFINITION; 

POWER- ON S't’STEM INITiaiZATION; 

KEVtJOnRD COMMAND F^ARSER AND ASSOCIATED TABLES; 

IMPLEMENTPiTIONS OF TI-IE PRIMARY COMMANDS, 

DfITA XCLSSING UTILITY S4JGFDUTINLS USED THROUGHOUT; 
mmn^j SCANNING m DISKAV driving SUBROUTINE; 

IXVBOARD AND DISPLAY INTERFACING UTILITIES; 

s^XHINES AND UTILITY .SUBROUTINES WHICH INTERACT aTHKN MP AND EP. 
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LX XJ 


LINE 


SmCl STfirOIENT 


4E. ; 

47 ; IfITkODIXTION FIND mRDMFlRL O'VtRVItH 
43 

50 ; Tl€ CnULRTOR DESIGN LISES TWO I11CR0PR*0CESS(«S. ONE PROCESSOR CONIRXS 

51 ; S\'STEI1 STfiTHSv INTERPRETS MONITOR C0MMF1NDS> FIND COMMUNICATES 

52 WITH TIC XITSIDE WORLD TIOTJ6N TIC ON-BOflRD KEVE»m DISFIFIV, SERIfC 
52 i INTEPEFCES, CONTROL SIGNRLS. QC. 

54 ; H SEC0NC> PROTSSOR* IS USED TO XTUILLV 

55 .J EXECUTE THE USER^S PROGRAM UNDER THE CONTRX Of TfE FIRST. 

56 ; TICSE PKWXSSORS ARE REFERRED TO 

57 .. THROUGHOUT THIS PROGRAM AS THE MASTER PROCESSOR (MR) AND EXECUTION 

58 ; PROCESSOR (EP) RESPECTIVELV. 

59 .. 

SO ; THE PROGRAM IN THIS LISTING IS EXECUTED b^’ Tli: MASTER PROCESSOR 

61 ; AT TIC END X THIS LISTING ARE SLVERFC SlWRT "MINI-MONITOR OVERLHS’S" 

62 i MUCH TfC EXEaiTION PROCESSOR EXECUTES WHEN INTERACTION BETWEEN THE 

63 ; TWO PROCESSORS IS fCCESSARV 

64 

65 ; THIS PRXRAM WRITTEN USING A NUMBER X MACROS TO HANDLE HC ALLOCATION 

66 : OF MPU RESXIPCES (WORKING REGISTERS, INTERNAL RAM, AND MP MONITOR ROM 

67 : m CODE AND DATA STORAGE). THESE mm DEFINITIONS ARE INaUDED IN A FILE 

60 F»IMED "fCLX MAC," AND ARE PRINTED IN THIS LISTING FOR REFERENCE. 

69 ; ANOTHER SET OF MACROS IS USED TO SIMPLIFV THE ACCESSING X VARIABLES 

70 ; STXED IN INTERNAL RAM (AS OPPOSED TO WORKING REGISTERS) BV USING Rl TO 

71 : INDIRECTLV FIDDRESS TIC APPROPRIATE m LOCATION WHEN NECESSARY. 

72 .i TICSE mmS ARE INCLUDED IN "MOPCOD. MAC", AND ARE ALSO PRINTED HERL 

73 ; COMPLETE Uf«>ERSTANDING X TICSE MACROS IS NOT REQUIRED TO UNDERSTAND THE 

74 , MONITX PROPER. ALL LINES MUCH XTUALLV PRODUCE XJECT CODE AffCAR IN 

75 THE LISTING ITSELF, INDENTED TWO SPACES FROM THE NORMAL TFiBULAIION COLUMNS. 

76 ; IHE XlUAL MONITX PROGRAM FOR TIC EMULRIX BEGINS AT FCPROXIMATELV 

77 ; SOURCE LINE NUMBER 500. 

78 ; 

79 ; LINES XFCRATED BS* MACRO E-RPANSION ARE FLAGGED BS* A PLUS SIGN ("+") 

80 ; IMMEDIATaV FXLOHING TIC SOURCE LINE NUMBER. 

81 ; fi NUMBER X LINES FROM TFC VARIOUS MACRO DEFINITIONS WHICH DO NOT 

32 PRODI.ICE m: X JECT CODE ARE PROCESSED BS' TFC ASSEMBLER 

83 ; AS THESE MACROS ARE EXPfM)ED. WFEN THIS IS THE CASE, THESE LINES ARE 

04 ; SJPPRESSED FROM TFC LIST FILE. .AS A RESULT, 11C LINE NIUBERS ARE 

05 ; NOl aWfl'i'S CONSECUTIVE WHERE A MACRO IS BEING INVOKED. 

36 ; 

87 ; NOTE; 

88 ; == 

89 ; "SOURCE-LINE" REFERS TO THE DECIMfl NUMBERS LEFT X EACH INSTRXTIOH 
% i AT TFC END X TFC LISTING IS AN fftSEMBLV CROSS-REFERENCE TABLE INDICHIING 
31 ; THE SEQUENTIAL SOURCE-LINE NUMBER X ALL INSTANCLS WHERE ANV VARIABLE 
92 ; IS DEFINED X REFERENCED. IHIS WILL BE OF GREAT ASSISTANCE IN 

33 : LOCATING SPECIFIC SUBROUTINES, ETC. IN THE LISTING. 

94 ; 

95 MNEMONICS CXi-RIGHT (C) 1976 INTa CORPXATION 

% ; 

97 lEJECT 
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LOC OBJ 

LINE 

SOURCE STATEMENT 


98 t 

INCLUDE( :F8:ALLOC. MAC) 


= 99 ?R1 
= 100 ; 

SET 

0 

ooon 

= 101 ?RB0 

EQU 

0 

9081 

= 102 ^1 

EQU 

1 

9902 

= 103 mn 

EQU 

2 

9003 

= 104 xmt 

EQU 

S 

8094 

= 105 ?fi 

= 106 i 

EQU 

4 iACCUMULAlOR VARIABLE TYPE 


= 107 .THE FOLLOWING INITIfiLIZES THE imB) LIST POIMIERS 


= 108 ; THE REGISTER ALLOCATION AND DEALLOCATION ROUTINES. 

= 109 J 

0003 

= 110 7B0R2 

SET 

3 

KnPfrt 

= 111 7G0R3 

SET 

4 

0005 

= 112 ?80R4 

SEI 

5 

0006 

= 113 ?B0R5 

SET 

6 

0007 

= 114 ?B0R6 

SET 

7 

0009 

= 115 ?B0R7 
= 116 . 

SET 

8 

0002 

= 117 mm 
= m i 

SET 

2 

0003 

= 119 ?B1R2 

SET 

3 

0004 

= 120 7B1R3 

SET 

4 

0005 

= 121 ?B1R4 

SET 

5 

WWO 

= 122 7B1R5 

SET 

6 

0007 

= 123 WC 

SET 

7 

0008 

= 124 7B1R7 
= 125 ; 

SET 

8 

0002 

= 126 7B1PNT 
= 127 ; 

SET 

2 

WKKi 

= 128 ORGPG0 

SET 

fkOQU 

0100 

= 129 ORGPGl 

SEI 

190H 

0200 

= 130 0R6PG2 

SET 

290H 

0300 

= 131 0RGPG3 

SET 

308H 

0400 

= 132 0RGPG4 

SET 

400H 

0500 

= 133 0RQPG5 

SET 

500H 

0600 

= 134 0RGPG6 

SET 

600H 

0700 

= 135 0RGPG7 
= 136 i 
= 137 REJECT 

SET 
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-148 ^ STRRT OF RLLOCHTION MRCROS 

= 141 ; 

= 143 ; 

= 144'?RSfiVE imCRO SAtlBOL.. B«NK.. PNTVTl 

= 145 IF PNTWL 19 8 

= 146 LRROR 2 

= 147 CXITM 

= 148 ENTJF 

= 149 r SRVF GEN 

= 150 SSHBOL SET RAPNTVRL 

= 151 t RESTORE 

= 152 WiHNKAPNT SET ^^BABfiNK&RATNTVfiL 

= 157 ENDM 

= 154 ; 

= 155 ; 

8828 =156 -tllNOX SET 20H 

= 157 ; 

= 158 TIISfM: finCRO SYMBOL, L£NGTIiffi)OR 
= 159 $ SrtVE GEN 

= 160 SYMBOL Em HDDR 

= 161 t REST(B?E 

= 162 7MINDX SET ?MINDX^LENGTH 
= 163 ENDM 
= 164 

= 165 MBLXK MflCRO SYMBOL, LENGTH 
= 166 ?^ISVMB0L EQJJ 3 

= 167 TMSfiVE SSTIBOL LENGTH, X7MINDX 

= 168 ENDM 
= 169 ; 

= 170 DECLRRE MBCRO SYMBOL, TYPE 
= 171 ?«SVMBOL SET V4TVPE 

= 172 IF ?«TYPE EQ 2 

= 173 -^MSRVE SYMBOL, LXTMINDX 

= 174 EXITM 

= 175 CNDIF 

= 176 IF n-mi EQ 0 

= 177 'mm SYMBOL, 0,X?B0PN1 

= 178 EXITM 

= 179 ENDIF 

= 180 IF ?Aim EQ 1 

= 181 ?RSaVE S'i'MBOL,l,X?DlPNT 

= 182 EXITM 

= 183 ENDIF 

= 184 ENDM 

= 185 ^ 

= 186 I EJECT 
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LOC OBJ 


LINE 


SOURCE STATEMENT 


= 187 ; 

= 188 ;RCORG HRCRO TO RESET THE INSTRUCTION LOCATION COUNTER 
= 188; TO THE FIRST FREE LOCATION ON TIC FIRST PAGE NODULE HILL 
= 190 ; FIT WIIHIN. 

= 191 REORG MACRO LOCATION 

= 192 tSm GEN 

= 193 ORG LOCATION 

= 194 ^RESTORE 
= 195 ENDM 

= 196 ; 

= 197 iCODEBLK MACRO TO FIND A PAGE OF ROM 
= 198 ; HHICII THIS BLOCK OF OlDE HILL FI1 HITHIN 
= 199 CODEBLK MACRO LENGTH 

= 200 'LENGTH SEI LENGTH 

= 201 IF HIGH(ORGPG0+LENGTH-*1) EC 0 
= 202 REORG mm/d 

= 203 7STAI-T SEI i 
= 204 E>:iTI1 
= 205 ENDIF 

= 206 IF HIGH(ORGPGl^LENGTH-l) EC 1 
= 207 REORG /iORGPGl 

= 208 ?S1ART SET t 
= 209 EXITM 
= 210 ENDIF 

= 211 IF HI6H(0RGPG2+LENGTH 1) EC 2 

= 212 REORG X0RGPG2 

= 213 7START SET t 
= 214 EXITM 
= 215 ENDIF 

= 216 IF HIGH<ORGPG44LENGTH-l) EQ 4 

= 217 REORG X0RGPG4 

= a8 7START SET I 

= 219 EXITM 
= 220 ENDIF 

= 221 IF HIGH<0RGPG5^LENGTIf-l) EQ 5 

= 222 REORG XOROTS 

= 223 ?START SET t 
= 224 EXITM 
= 225 ENDIF 

= 226 IF HIGH(0RGPG6+LENGTH-1> EQ 6 

= 227 REORG X0RGPG6 

= 228 TSTAFT SET $ 

= 229 EXITM 
= 230 ENDIF 

= 231 IF HIGH(0RGPG?4LENGTH-1) EQ 7 

= 232 REORG X0RGPG7 

= 233 '^STARl SET $ 

= 234 EXITM 
= 23b Dfl)II 

= 236 IF HIGH(0RGPG3+LENGTH-1) EQ 3 

= 237 REORG XORGPG3 

= 238 TSTART SET t 
= 239 EXITM 
= 240 ENDIF 

= 241 ERROR 0 INSUFFICIENT SPACE FOR CODE ON ANV PAGE 
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LOC OBJ 


SOURCE SrnTEMENT 


im 

= 242 LNDfl 

= 243 i mmx INSERTS ONTO PflGE 3 

= 244 DflTf«LK HflCRO LENGTH 

= 245 7LENGTH SET LENGTH 

= 246 IF HIGH(0RGP634LENGTH-’1) EQ 3 
= 247 REORG 7.0RQPG3 

= 248 TSTflRT SET i 

= 249 EXITM 
= 250 L701F 

= ’251 ERROR 0 INSUFFICIENT SPnCE FOR DOTH BLOCK ON 3 

= 252 ENDM 

= 253 ;?SI2E F1?INTS ft LINE TO THE SOURCE FILE GIVING BLOCK SIZL 
= 254 J ftND UrOflTES flPPROPRIftTE 0RGP6# 

= 255 ?SIZE HflCRO BLK^PGE 

= 256 $SnVE GEN 
= 25? SIZE SET BLK 
= 258 ; 

= 260 IF LENGTH LT SIZE 

= 261 ERROR 0 j*** SIZE D«mS SPHCE CHECKED FOR BV COOEBL^ 

= 262 ENDIF 

= 263 IF HlGH(l-l) NE HIGH<?STflRT) 

= 264 ERROR 0 CODE OR OflTft BLOCK ROLLED OVU? F«£ BOUN^ 

= 265 ENDIF 
= 266 ^RESTORE 

= 26? ORGFWGE SET $ 

= 268 ENDM 

= 263 ;SIZEa#C CHECKS SIZE OF F15ECEDING BLOCK, PRINTS SIZE TO . LSI FILE. 
= 270 SIZECIK HftCRO 

= 271 :^I2E ;j($-?STftRT),5»IIGH<?STftRT) 

= 272 ENDH 

= 273 ; 

= 274 ; 

= 275 ^ RSOURCE CODE SPftCE RLLOCflTION SUMHRRS’STATEMENT 

= 276 RSOURCE MflCRO 
= 277 ISflVE LIST GEN 


- 

= 278 

PGSIZE 

SET 

ORGKie'000H 

>BV1ES USED ON PftGE 0 

- 

= 279 

PGSIZE 

SET 

ORGPG1-100H 

iOVTES USED ON PftGE 1 

- 

= 280 

PGSIZE 

SET 

ORGPG2-200H 

iOSTES USED ON PftGE 2 

- 

= 281 

P6SI2 

SEl 

OR6PG3-300H 

;BVTES USED ON PftGE 3 

- 

= 282 

F-GSIZE 

SET 

0RGPG4 408H 

;BYTES USED ON PftGE 4 

- 

= 283 

PGSIZE 

SET 

ORGP65-500H 

;BVTES USED ON PAGE 5 

“ 

= 284 

PGSIZE 

SET 

ORGPG6-600H 

iBVTES USED ON PftGE 6 

- 

= 285 

PGSIZE 

SEl 

ORGPG7-700H 

;BVTES USED ON PAGE 7 


= 286 REJECT 
= 287 $RESTORE 
= 288 ENDM 

= 289 $EJECT 
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LOG UDJ LINE SOURCE STATEMENT 

298 ; 

291 $ INCLUDE( :F0:I1OPCOD. HflC) 

= 292 ; 

= 293 ;?FORHl NflCRO FOR GENERflLIZING OPCODE INSTRUCTION 
= 294 

= 295 ?FOR«l HflCRO OF'COOE.SRC 
= 296 ir 7ASRC EQ 2 

= 297 $ SRVE GEN 

= 298 WV RL#SRC 

= 299 opcm H.m 

= 300 $ RESTORE 

= 301 EXITH 

= 302 ENDIF 

= 303 IF ?ASRC EQ 0 OR ?4SRC EQ 1 
= 304 $ SnVE GEN 

= 305 OPCODE fbSRC 

= 306 I RESTORE 

= 307 EXITH 

= 308 ENDIF 

= 309 IF ?4SRC EQ 3 

= 310 $ SflVC GEN 

= 311 OPCODE FLiSRC 

= 312 I RESTORE 

= 313 EXPH 

= 314 ENDIF 

= 315 ERROR 1 

= 316 ENDH 
= 317 ; 

= 518 ;?F0RH2 HfiCRO FOR GENERflLIZING HOVES FROH THE flCC 10 fl VflRIflBLE 
= 319 7F0RH2 HFlCRO DESl 
= 320 IF 7ADEST EQ 2 

= 321 $ SflVL GEN 

= 322 HOV RL#DEST 

= 323 HOV QRLfl 

= 324 $ RESTORE 

= 325 EXITH 

= 326 ENDIF 

= 327 IF 74DEST EQ 8 OR ?tt)EST EQ 1 

= 328 $ SnVE GEN 

= 329 HOV DES1,R 

= 330 I RESIORE 

= 331 EXITH 

= 332 ENDIF 

= 333 ERROR 1 

= 334 ENDH 
= 335 ; 

= 336 ;7F0RH3 HflCRO FOR GENERflLIZING HOVES FROH TIC flCC TO fl VflRIflBLE 

= 337 ; UHEN IT IS tCNOUN THAT R1 (IF NEEDED FOR INDIRECT ADDRESSING) 

= 338 ; IS flLREHDV PRESET. 

= 339 7rORH3 HfiCRO DEST 

= 340 IF ?ti)EST EQ 2 

= 341 $ SAVE GEN 

= 342 HOV 0Rl,fl 

= 343 $ RESTORE 

= 344 EXIIH 
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= IF 

7&DEST EQ 8 OR 7ADEST EQ 1 


= 347 1 

S.W GEN 


= 348 

MOV DE51.fi 

- 

= 349 $ 

(^•ESTORE 


= 350 

= 351 ENDir 

EXIIM 


= 352 

= 353 ENDH 
= 354 ; 

ERROR 1 


= 355 i?F0Rfl4 HHCRO FOR GDCRflLIZING 'HOV H.iRC' INSTRUCTION 


= 356 ?F0R»4 

MfiCRO SRC 


= 35-/ IF 

?*SRC EQ 2 

- 

= 358 $ 

SflVE GEN 


= 359 

MOV R1.#5RC 

- 

= 360 

MO'V fi. 0R1 

- 

= 361 $ 

RES!ORE 

•• 

= 362 

EXI7M 

- 

= 363 CNDIF 


- 

= 364 IF 

74SRC EQ 0 OR ^ASRC EQ 1 

- 

= 365 $ 

SflVE GEN 

- 

= 366 

NOV fl.5RC 

- 

= 367 $ 

RESTORE 


= 368 

CXITM 


= 369 CNDIF 
= 370 IF 

74SRC EQ 3 

- 

= 371 $ 

SflVE GEN 

- 

= 372 

MOV fliSRC 

- 

= 373 $ 

RESTORE 


= 374 

= 375 ENDIF 

EXITM 


= 376 

= 377 ENDM 
= 378 J 

ERROR 1 


= 379 , ?F0Rfe 

MflCRO FOR GENERflLIZIMG MOVING fl CONSTANT INTO fl VRRIR8LE 


= 380 ?F0RM5 

MfiCRO DESLCONST 

- 

= 381 IF 

7ADEST EQ 0 OR 7«)EST EQ 1 OR 7ADES1 EQ 4 

- 

= 382 $ 

SflVE GEN 

- 

= 383 

NOV DESL#C0N5T 

- 

= 384 $ 

RESTORE 

- 

= 385 

EXITM 

*■ 

= 386 ENDIF 
= 387 IF 

74DCST EQ 2 


= 388 t 

SAVE GEN 


= 389 

MOV RtIDEST 

- 

= 390 

MOV 0K1.#CONST 

•- 

= 391 % 

RESTORE 

- 

= 392 

EXITM 


= 393 EWIF 



= 394 

= 395 ENDfl 
= 396 i 

ERROR 1 


= 397 .Jiiriov 

MfiCRO GENERfiLIZED MOVE FROM SRC TO DEST 


= 398 W10V 

MflCRO DESLSRC 


= 399 IF 

74SRC EQ 3 
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LOC ODJ Lire SOrjRCE STRTEIIENT 


= 400 

7F0RH5 

DESLSRC 

= 401 

EXlTd 


= 402 ENDIF 



= 403 ir 

?^DEST EQ 4 

= 404 

?F0Rril 

m SRC 

= 405 

EXITN 


= 406 ENDir 



= 437 IF 

?«SRC EQ 4 

= 408 

7F0RI12 

DEST 

= 409 

EXITM 


= 410 mi[ 



= 411 

^ORHl 

MOV.SRC 

= 412 

'^F0RM2 

DESf 


= 413 ENDM 

= 414 ,'UINOP MRCRO GENERflLIZES ftRIlUMETIC AND LOGICAL OPERATIONS 


= 415 -'BINOP 

MflCRO 

OF'CODL DEST. SRC 

= 416 IF 

;'4DEST EQ 4 

= 417 

•TFOFUl 

OF’CtCe^SRC 

= 418 

EXITM 


= 419 ENDIF 



= 420 ir 

'>.?:SRC EQ 4 

= 421 

'^Fi3RMl 

IK:0DE.DEST 

= 422 

•40RI13 

DEST 

= 423 

EXITM 


= 424 LNDIF 



= 425 

TORMl 

MOV.. SRC 

= 426 

7F0RM1 

OFCODE.DEST 

427 

?F0RM3 

DEST 

= 428 ENDI1 



= 429 :mD0 

MACRO 

FOR GENERALIZING ADD INSTRUCT ION 

= 430 MROD 

MICRO 

DESL5RC 

= 431 

7BIN0P 

ADD. DEST. SRC 

= 432 

ENDM 


= 433 ; 



= 434 ; MODOC 

MACRO 

FOR GENERALIZING AOOC INSTRUCTION 

= 435 MOODC 

MACRO 

DESL SRC 

= 436 

^INOP 

fODC. DbSL SRC 

= 437 

ENDM 


= 438 ; 



= 439; nm. 

MACRO 

FOR GENERALIZING ANL INSTRUCTION 

= 440 nONL 

MACRO 

DESLSRC 

= 441 

?BINOP 

ANL. DEST.. SRC 

= 442 

ENDM 


= 443 



= 444 :nORL 

MACRO 

FOR GENERALIZING ORL INSTRUCTION 

= 445 MORL 

MACRO 

DEST.SRC 

= 446 

'^BINOP 

ORL DEST. SRC 

= 447 

ENDM 


= 448 . 



= 449 . MXRL 

MACra 

FOR GENERFIIZING XRL INSTRtXTION 

= 450 MXRL 

MACRO 

DEST. SRC 

= 451 

TBINOT 

XRL DEST. SRC 

= 452 

Er«)M 


= 453 J 



= 454 .. MXCH 

MACRO 

FOR GENERALIZING XCH INSTRUCTION 
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Loc m 


LINC 


SOURCE S'TRTEMENI 


= 455I1XCH URCRO DEST.SRC 

= 456 7BIN0P XCH..DESLSRC 

= 457 END« 

= 450 ; 

= 459 ^UNRRS' URCRO OPCODE. DEST 

= 468 TFORMl HOV.DEST 

= 461 tSflVE GEN 

= 462 OPCODE fl 

= 463 ^RESTORE 


- 

= 464 

7I--0RI13 

DEST 


= 465 

ENDN 



= 466 i 
= 467 niNC 

URCRO 

DCST 

- 

= 468 

7UNRRV 

INC. DEST 


= 469 

ENDM 



= 470 ; 

= 471 UDEC 

URCRO 

DES7 

- 

= 472 

?UNRRV 

DEC. DEST 


= 473 

ENDH 



= 474 ; 

= 475 MDJNZ 

MfiCRO 

DEST.RDDR 

- 

= 476 

TUNRRS* 

DEC. DCST 

- 

= 477 ISRVE GEN 



= 478 

JNZ 

RDDR 


= 479 ^RESTORE 



= 488 

ENDH 



= 481 ; 

= 482 MRL 

MRCRO 

DEST 

- 

= 483 

7UNRRV 

RL.DE5T 


= 484 

END« 



= 485 ; 

= 486 HRR 

HRCRO 

DEST 


= 437 

?UNflRS' 

RR.DEST 


= 488 

ENDH 



= 489 ; 

= 490 HRRC 

HRCRO 

DEST 

- 

= 491 

7UNRRV 

RRC.DESI 


= 492 

ENDH 



= 493 ; 

= 494 MRLC 

HRCRO 

DEST 

- 

= 495 

7UNRRV 

RLC.DEST 


= 496 

ENDH 



= 49? i 
= 498 REJECT 
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LOC 08J 


LINE 


SOURCE STRTEMENT 


499 

500 ;==: 

501 ;== 

502 : 

503 ;== 

504 ;== 

505 ; 

506 ; 

507 it*****^ 

508 ; 

509 ; 

510 i 

511 i******r, 

512 i 

513 J 

514 ; 

515 J 

516 ; 

517 PWGIT 

518 PSEGHI 

519 PSE6L0 

520 PINPUl 

521 ; 

522 i****** 

523 ; 

524 

525 i 

526 .• ♦♦♦ ♦ ♦♦ 

527 ; 

528 LICRRH 

529 ENBLNK 

530 

531 

532 EPSSTP 

533 

534 CLRBFF 

535 

536 EPRSET 

537 MODOUT 

538 

539 1TVOUT 

540 

541 ; 

542 REJECT 


BEGINNING Of PROGRRM PROPER 


RLLOCftTION or HP I/O PORTS: 


LOU P5 

EQU P4 


;USED FOR DIDIRECTIONRL RDORESS BND DHTR IRflNSFERS 
;USED fiS INDIVIDURL CONTROL OUTFITS RND BREflK LOGIC 
iHlGff ORDER RDORESS RND RDORESS SPRCE SELECllON 

iUSED TO ENfiSLE CHRRRCTERS RND STROBE ROWS OF KEVBOHRD 
jUSED TO TURN ON HI SEGHENIS OF CURRENTLV ENRBLED DIGIT 
iPm FOR LONER FOUR SEGMENTS 
;PORT USED 10 SCRN FOR KEV aOSURES 


INDIVIDURL PINS OF PORT llOT) RS FOLLWS: 


00008010B 


OCKKUMCm) 

CKKRwXCreV 

OOTwlWm/ 

00010000D 

001000006 

040000000 


HI ENRBLES BRERK ON BRERK RRM OUTPUl SIGNRL 
HI ENRBLES BREflK ON RD OR HR TO LINK BS‘ EP 
(NOIE; PU * m BOTH HI ENRBLES 
BREflK ON RNV EP INSTRUCTION CVCLE) 

LO FORCES EP SS INPUT LON, 

HI GflTES BREHKTDINl FLIP-FLOP TO EP SS INPUT. 
LO CLERRS BREflK FLIP-FLOP 
AND ENROLLS HR CONIROL TO BREAKPOINT RRK 
HI RESETS EP 

LO WCN EP IS EXECUTING USER F4?0GRRM, 

HI HHEN EP FROZEN OR RUNNING OVERLflVS. 

SERIAL OUTPUT TO TIV OR CRT 
UNUSED 
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544 ; 

545 ; 

546 

547 
54C ; 

549 i 

550 ; 


0010 

551 M0 

EQU 

000100008 

0020 

552 Ml 

EQU 

80100000B 

0040 

553 MPUSEL 

E^l 

MQOMMXi 


554 



0088 

555 EXPMON 

EQU 

10000000B 


556 

557 ; 

558 ; 


;flDRll-nOI« FOR RCCESSIMG PkOGRHM OR WTO RflM fiRRflV 

;P24 •• HEHORV MATRIX CONTROL PIN 0 
;P25 - M0«»?V MATRIX CON-IROL PIN 1 
;P26 - HIGH WHEN MP IN CONIROL OT COMMON ML'M ARRAY, 
i LOW HI€N EP IN CONTROL 
;P27 " JUrrERED TO OilOUND FOR STANDARD IWNHOR, 
FLOATING WHEN EXPANSION MONITOR PRESENT. 


INDIVIDUAL PINS OF PORT 2 USED AS FOLLOWS 


P23-P20 


559 


;HIEN MP IN CONTROL OF MEMOR^‘ MATRIX MH10 USED AS FOLLOWS 


560 ; 


561 ; 

Ml 

H0 

MODE 

562 .J 

0 

0 

PROGRAM RAM ARRAY ENf^ED FOR READ 1 WRITE 

563 ; 

0 

1 

DA1A RAM ARRAY ENFfiLED FOR READ 4 WRITE 

564 ; 

1 

X 

LINK REGISTER ENABLED FOR READ, RAM ARRAS'S DISABLED. 

565 ; 



(NOTE: LINK REGISTER ALWAYS ENfiBLED FOR MP WRITES) 

566 i 




567 ;WHEN 

EP IN CONTROL Cf MATRIX M1-M0 USED AS FOUOWS; 

568 ; 




•569 ; 

Ml 

M0 

MODE 

570 ; 

0 

X 

EP F-SEN FETCHES FROM LINK REGISTER (USED 10 FORCE OPCODES) 

571 ; 

1 

0 

EP PSEN FETCHES FROM F*ROa?AM RAM ARRAY, 

572 ; 



EP RD A WR CONTROL DATA RAM ARRAY. 

573 i 

1 

1 

EP PSEN FETCHES FROM PROOJfAM RAM ARRAS*, 

574 i 



RD A HR CONTROL LIW REGISTER. 


575 ; 

576 lEJECT 
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LOC OBJ 


LINE 


SOLRCE STnTEf€NT 


5?9 ; 

580 ; SSSrEM CONSTRNT DEFINITIONS: 

581 ; 

583 ; 

584 DEaRPE CHORNO. CONST ; NUMBER OF DIGITS IN DISPLfiV fW RONS OF KEVS 

0008 598 CHflRNO EWU 8 

599 

600 DEaORE NCOLS.»:»NST ; LESSER DIMENSION OF KESTORRD MRTRIX 

0004 614 NCOLS EQU 4 

615 j 

616 DECLARE DEBNCE.. CONST . NUMBER OF SUCESSIVE SCANS BEFORE KEV aOSURE ACCEPTED 

0008 630 DEBNCE EQU 8 

631 ■ 

632 DEaARE OVSIZE..CONS1 ;SIZE OF LI^GEST MINI-MWITOR OVERLAV FOR EP 

0017 646 OVSIZE EQU 23 

647 > 

648 DEaARE BUFLEN. CONST LENGTH OF HEX FORMAT XMIT BU FER (MAX RECORD LENGTH) 

0010 662 BUFLEN EQU 16 

663 ; 

665 ^ 

666 i UTILITV CONSTANT DEaARATIONS 

667 J 

669 ; 

670 DEaARE ZERO, CONST 


QOCiQ 

684 ZERO EQU 0 

685 DEaARE PLUSl, CONST 

0001 

699 PLUSl EQU 1 

700 DEaARE F1US3,C0NS1 

0003 

?14 PLUS3 LQU 3 

715 DEaARE NEGt CONST 

FTFF 

729 NEGl EQU -1 

730 

731 fEJECT 
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Loc m 


LINE 


SOURCE STRTEMENT 


m2 

m‘s 

0004 

0 ^ 

0006 

0007 


0002 

0003 

0004 

0005 

0006 


m ; 

734 ; 

735 ; BftNK 0 REGISTER ft.LOCnTION; 

736 ; 

738 ; 

739 OLCLRRE LDflTfi,l«0 iWlfl USED BV L06ICRL faX)Rl:5SING REfiD/HRITE UTILITIES 

752+ LDfiTfi SET R2 

756 DECLARE KES'.RB0 iHOLDS KEVCODE RETURNED FROM m INPUT ROUTINE. 

769+ KEV SET R3 

773 DECLARE ITMP.RB0 ;COUNTER USED AS AN INDEX IN PARSER ROUTINE 
786+ IT HP SET R4 

790 DEaffifE CNKSUM.RB0 , CHECKSUM OF DATA DVTES TRANSMITTED IN HEX FILE FORMAT 
803+ CHKSUH SET R5 

807 DEaORE DSPTMP.RB0 ;TEMPORARV STORAGE FOR DISPLAS' PATTERNS IN ^DSPACC' 
820+ DSTTMP SET R6 

824 DCaARE XPCODE.RE:0 ; EXPANSION MONITOR ROUTINE CODE NUMBER 
8374 XPCODE Sn R? 

841 i 

843 ; 

844 i LiANK 1 REGISTER fUOCATION 

845 

847 

848 DEaARE ROTPAT.RBl ;USED TO HOLD INPUT F'ATTERN BEIF«3 RDTATLD THROUGH CV 

865+ ROTPAT SET R2 

869 DEaAFl ROTCNT.RBl COUNTS NUMBER OF BITS ROTATED THROUGH CV 
806+ ROTCNT SET R3 

890 DEaf^E ; holds key position of last key DEF'RESSION detected 

907+ LASTKV SET R4 

911 DEaARE CURDIG^RBl .;HaDS fITSITION OF NEXT CHARACTER TO BE DISFllMD 
928+ CURDIG SET R5 

932 DEaARE KENTLG.RBl ;FLAG TO DETECT WHEN ALL KEYS ARE RaEASED 
949+ KESHG SET R6 

953 (REGISTER 7 NOT USED FOR PRIMARY MONITOR) 

954 ; 

956 fEJECT 
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LOC OBJ 


LINE 


SOURCE STATEMENT 


957 ; 

959 ; 

960 ; DATA RAM RaOCAIION 

961 ; 

963 ; 

964 DCaARE EPACC.RAM iSTORAGE IN MP FOR EP ACCUMULATOR 

8028 969+ EPACC EQU 32 

973 DECLARE EPPSHRAM iSTORAGE IN MP FOR EP PROGRAM STATUS WORD 
0021 970+ EPPSH m 33 

982 DECLARE EPTIMR,RAM iSTORAGE IN MP FOR EP TIMER7C0UNTER REGISTER 
0022 907+ EPTIMR EQ»J 34 

991 DEaRRE EPRO.RAM iSTORAGE IN MP FOR EP REGISTER 0 OF BANK 8 
0023 996^ EPR0 EQU 35 

1000 DECLARE EPPaO^RAM iSTORAGE IN MP FOR LOW BMt OF EP PROGRAM COUNTER 
0024 1005+ EPPCLO EQU 36 

1009 DECLARE EPPCHLRAM iSTORAGE IN HF* FOR HIGH NIBBLE OF EP PROGRAM COUNTER 
0025 1014+ EPPaU EQU 37 

1018 DECLARE HBITLO.RAM i PARAMETER 1 FOR SERIAL LINK DATA RATE GENERATOR 
0026 1023+ HBITLO EQU 38 

1027 DEaARE HBITHI..RAM i PARAMETER 2 FOR SERIAL LINK DATA RATE GENERATOR 
0027 1832+ HBITHI EQU 39 

1036 DEaARE DSPTIM,RAM ; PARAMETER FOR AUTO-STEP AND AUIO-OREAK SEQUENCING RATE 
0028 1041+ DSPTIM EQU 48 

1045 DEaARE VERSNO, RAM i MONITOR VERSION NUMBER 
0029 1050+ VERSNO EQU 41 

1054 DEaARE HREGA^RAM i (UNUSED) 

002A 1059+ F3?EGA EQU 42 

1063 DEaARE ilSGO. RAM i (UNUSED) 

002B 1060+ HREGB EQU 43 

1072 DEaARE fIREGC.RAM i (UNUSED) 

002C 1077+ HREGC EQU 44 

1081 DEaARE HREGD, RAM i (UNUSED) 

002D 1086+ HREGD EQU 45 

1090 DEaARE HRE(£.RAM ; (UNUSED) 

002E 1095+ HREGE EQU 46 

1099 DEaARE lf£GF, RAN ; (UNUSED) 

002!- 1104+ HREGF EQU 47 

1103 DEaARE SMRLO;RAM if'RIMARS' COMMAND STARTING MEMORV ADDRESS (LOW BVTE) 
0030 1113+ SMALO EQU 48 

1117 DEaARE SMAHLRAM ; PRIMARY COMMAND STARTING MEMORV ADDRESS (HIGH BVTE) 
0031 1122+ SMRHI EQU 49 

1126 DEaARE EMALO.RAM iPRIMARS' COMMAND ENDING MENORS' ADDRESS (LON BS7E) 

0032 1131+ LMALO EQU 58 

1135 DEaARE EMAHLRAM iPRIMARS' COMMAND ENDING MEMORV ADDRESS (HIGH BVTE) 

0033 1140+ EMAHI EQU 51 

1144 DEaARE MEMLO.RAM i THIRD PARSER PARAMETER 4 HEX RECORD ADDRESS (LON) 

0034 1149+ rCMLO EQU 52 

1153 DEaARE MEMHI.RAM i THIRD PARSER PARAMETER I HEX RECORD ADDRESS (HIGH) 
0035 1158+ MEMHI EQU 53 

1162 DEaARE BCODE.RAM iPRIMARS' COMMAND NUMBER FROM PARSER TABLES (0-8) 

0036 1167+ GCODE EQU 54 

1171 DECLARE TYPE, RAM i PRIMARY COMMAND MODIFIER/OPTION (0-5) 

0037 1176+ TS'PE EQU 55 
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ut > inuLis njiNiLK UitL> iN i^LHKUlING PARSER TABLES 

0029 1194^ OPTION E0U 57 

1198 DECLARE NEXTPL.Rffi1 ;CAfiRACTER F13SITI0N FOR DISHW UTILIIIES TO HRITE NEXT 
002A 12024 NEXTPL EQU 58 

1207 DEaORE KBDBUr;RAI1 POSIT ION OF KCS' DEBOUNCED BV SCANNING SUBROUT INE 
002B 12124 KBDBUT EQU 59 

1216 DEaARE KEVLOC.RAII ; INCREMENTED AS SUCCESSIVE KEV LOCATIONS SCANNED 
002C 12214 KEST-X EQU 60 

1225 DEXf^E NREPTS^RRM ; KEEPS TRACK OT SUCCESSIVE READS OF SAME KE'i’STROKE 
002D 12204 NREPTS LQU 61 

1224 DEXARE ASAVLRAM ;HOLDS ACCUMULATOR VALUE DURING SERVICE ROUTINE 
002E 12294 ASAVE EQU 62 

1242 DCaARE RDELAS^R^lM ;COUNTER DECREMENTED WHEN AUTO-STEP DLLAS' IN PROGRESS 
002F 12484 RDELW EQfJ 62 

1252 DEXFlRE STRTMP. RAM ^ INDEX POINTER FOR DISPLflV CHARPCTER STRING ACCESSING 
0040 1257+ STRTMP EQU 64 

1261 DEXfiRE BUFCNT,RAM ;CTlUNT OF DATA BS'TES IN FO FORMAT RECORD BUFFER 
0041 1266+ BUFCNT EQU 65 

1270 DECLARE RECTVP.RAM ;TVPE OF FIEX FORMAT RECORD (0 OR 1) 

0042 1275+ RECTVP EQU 66 

1279 DECLARE B,RAM ;B1T COUNTER FOR ASCII SERIAL I/O UTILITY SUBROUTINES 

0042 1284+ B EQU 67 

1288 DECLARE REGC.RF^M ; CHARACTER BEING SHIRED DURING SERIAL I/O PROCESS 

0044 1292+ REX EQU 68 

1297 DEaARE ILRAM ; COUNTER IN SOFTWARE DELA*/ DATA RATE GENERATOR 

0045 12024 H EQU 69 

1206 ; 

1207 MBLOCK SEGMAP.CHRRNO ; REGISTER ARRAY FOR DISPLW PATTERNS 
0046 12U4 SEGMAP EQU 70 

1214 ; 

1215 MBLOCK OVBUF.OVSIZE i LOW*ORDER USER PROGRAM DURING MINl-MONITOR OVERLAYS 

004E 1219+ OVBUF LQU 78 

1222 ; 

1222 MBLOCK HEXBUF, BUFLEN ; ALLOCATE BLOCK OF RAM FOR USE AS HEX RECORD BUFFER 
0065 1227+ HEXBUF EQU 101 

1220 ; 

1221 lEJECT 
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SOURCE STRTEMENT 


LOC OBJ LINE 


1322 DRTflBLK 40 

0300 1337+ ORG 768 

1341 ; INVmS TflElE OF CONSTflNTS 10 BE LORDED INTO MP INTERNRL RRM VRRIHBLLS 

1342 ; fiS PRRT OF SVSTEH INITIflLIZRTION PROCEDURE; 

1343 ; 



1344 ; 

INITIAL VRLLt 

VARIABLE 

IVPE 


1345 ; 


— , 

, ,,,,,, , 

_ 



—— ^ 



0300 00 

1346 INVRLS: 

DB 

00H 

jROTPAT 

kBl 

0301 00 

1347 

DB 

001^ 

iROTCNT 

RBI 

0302 00 

1348 

DB 

00H 

;LF.*STKV 

RBI 

0303 08 

1349 

DB 

CItRRNO 

;CURD1G 

RBI 

0304 00 

1350 

DD 

0011 

iKEYFLG 

RBI 

0305 00 

1351 

Db 

00H 

;<REG7> 

RBI 

0306 00 

1352 

DB 

00H 

iLPRCC 

RAH 

0307 01 

1353 

DB 

01K 

iLPPSH 

RAM 

0308 00 

1354 

DB 

00K 

;EPTII1R 

RAM 

0309 00 

1355 

DB 

00R 

;EPR0 

RAM 

030R 00 

1356 

DB 

00fi 

.;Ermo 

RAM 

0306 00 

1357 

DB 

00K 

;EPPaiI 

RAM 

030C 93 

1358 

DB 

93H 

;J«ITLO 

RAH 

830D 04 

1359 

DB 

04K 

;HBITHI 

RAH 

030E 20 

1360 

DB 

20H 

;DSPTIM 

RAM 

030F 25 

1361 

Db 

25H 

iVERSNO 

RAH 

0310 00 

1362 

DB 

00H 

^HREGR 

RAH 

0311 00 

1363 

DB 

00R 

;I«EGB 

RAH 

0312 00 

1364 

DB 

mi 

;KREGC 

RAH 

0313 00 

1365 

DB 

00H 

;HREGD 

RAH 

0314 00 

1366 

DB 

001^ 

.^HREGE 

RAH 

0315 00 

1367 

DB 

mi 

iHREGF 

RAM 

0316 00 

1368 

DB 

00H 

iSMRLO 

RAH 

0317 00 

1369 

DB 

00H 

; SHARI 

RAH 

0318 FF 

1370 

DO 

0FFH 

;EHFIL0 

RAH 

0319 0r 

1371 

DO 

0R^ 

;EHfl»I 

RAM 

031R 00 

1372 

DB 

00A 

iHEHLO 

RAM 

031B 00 

1373 

DB 

00H 

jNEHHl 

RAH 

031C 00 

1374 

DB 

00F; 

;BCODE 

RAH 

031D 04 

1375 

DB 

04F! 

;TVPE 

RAM 

031E 01 

1376 

DB 

01H 

iNUnCON 

RAH 

03ir 00 

1377 

DB 

00I{ 

; OPTION 

RAM 

0320 08 

1378 

DC 

CFJRRNO 

;NEXTPL 

RAH 

0321 FF 

1379 

DB 

0^^^ 

;KBDBUF 

m 

0322 00 

1380 

DB 

00H 

iKES-LOC 

RAH 

0023 

1381 NOVRLS 

EQU 

^INVRLS 



1382 

SIZEDK 



0023 

1385+ SIZE 

SET 

35 




i3S€<i 
1396 tEJECT 
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LOC OBJ 


LINE 


SOURCE STRTENENT 



1387 $ 

INaUDE<:F0:PftRSER. HOD) 


=1388 

COCCBLK 45 

QQpa 

KKKK 

=1403+ 

ORG 

0 


=1407 ; INIT 

INITIffl.I2ES PROCESSOR REGISTERS 


=1488 ; 

RND R»1 LOCfiTIONS TO DEFINED VflLUES. 

8000 C5 

=1403 INIT: 

SLL 

RS0 

0801 BF00 

=1418 

MOV 

XPCODLW 

0003 7401 

=1411 

CRLL 

XPTEST 

0005 27 

=1412 

aR 

R 

0006 3D 

=1413 

HOVD 

PSEGLO.R 

0007 3E 

=1414 

MOVD 

PSEGULR 

0008 C81R 

=1415 

MOV 

R0,#1RH ;STRRT RT RDl <REG2> = RRM LX IfiN 

000R B923 

=1416 

MOV 

RLILOH NOVRLS 

000C BFI00 

=1417 

MOV 

R2.«L0U INVRLS 

000E Ffl 

=1418 INITLP; 

MOV 

R.R2 

000F E3 

=1418 

M0VP3 

fl0R 

0010 fl0 

=1420 

MOV 

0R0fR 

0011 18 

=1421 

INC 

R0 

0012 Ifl 

=1422 

INC 

k2 

8013 E90E 

=1423 

DJNZ 

RL INIILP 

0015 55 

=1424 

STRT 

T 

0016 744F 

=1425 

CRLL 

EPBRK 

0018 UBBB 

=1426 

MOV 

R8,IL0W(0V1B«S+0VSIZE) 

801R 7460 

=1427 

CRLL 

OVLORD 

001C 54E5 

=1428 

Cfla 

COHFIL 

001E B937 

=1428 

MOV 

Rl.iTVPE 

0020 11 

=1430 

INC 

9R1 

0021 34F2 

=1431 

CRa 

INCSMR 

0023 54E5 

=1432 

aiL 

COMTIL 

0025 99£F 

=1433 

RNL 

PLiCNOT EPRSD) fREMOVE EP RlSEl SIGNRL 

0027 0428 

=1434 

JMP 

MRIN 


=1435 ; 




=1436 

SIZECHK 

0028 

=1438+ SIZE 

SET 

41 


=1440H; 

AAA ^ • Jr 




=1450 lEJECT 
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LOC OBJ 


LINE 


SOURCE STATEMENT 


=1452 ; 
=1453 i 
=1454 i 
=1455 ; 
=1456 ; 
=1457 ; 
=1458 ; 
=1459 ; 
=1468 ; 
=1461 ; 
=1462 ; 
=1463 J 
=1464 i 
=1465 i 
=1466 ; 
=1467 ; 
=1468 ; 
=1469 J 
=1470 ; 
=1471 i 
=1472 ; 
=1473 ; 
=1474 i 
=1475 ; 



=1476 ItJECT 
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=1479 

=1480 

=1481 

=1482 



=1483 ;Krr'0 

EQU 

00H 


=1484 ;KEV1 

EQU 

01H 


=1485 ;KEV2 

EQU 

02H 


=1486 ;KEV3 

EQU 

03H 


=1487 ;KEV4 

LQU 

04H 


=1488 ;KEV5 

EQU 

091 


=1489 iKEV6 

EQU 

06H 


=1490 ^KE\7 

EQU 

07H 


=1491 ;KEV8 

EQU 

08H 


=1492 ;KP>'9 

EQU 

09K 


=1493 ;KEVA 

EQU 

0AH 


=1494 ;KEVB 

EQU 

0BH 


=1495 ;KEVC 

EQU 

0CH 


=1496 ;KEVD 

EQU 

0DH 


=1497 ;KEVE 

EQU 

0EH 


=1498 ;KEVF 

EQU 

0FH 

0010 

=1499 KEVFIL 

EQU 

10H 

0012 

=1500 KESTTXT 

EQU 

12H 

0013 

=1501 KEVEND 

EQU 

13H 

0014 

=1502 KESTREL 

EQU 

14H 

0015 

=1^3 KEVPAT 

EQU 

15K 

0016 

=1504 KEVDM 

EQU 

16H 

0017 

=1505 KES^R 

EQU 

17H 

0018 

=1506 KES’REC 

EQU 

18H 

0019 

=1507 KEVTRA 

EQU 

19H 

001A 

=1508 KEVPM 

EQU 

lAH 

001B 

=1509 KEYREG 

EQU 

IBlt 

001c 

=1510 KESIST 

EQU 

ICH 

001D 

=1511 KCORES 

EQU 

IDH 

001E 

=1512 KEStiO 

EQU 

lEH 

001F 

=1513 KEVMOD 

EQU 

IFH 

WWo 

=1514 KSETB 

EQU 

0BH 

ottor 

=1515 KCLRB 
=1516 ; 

=1517 ; 

EQU 

0CH 

0019 

=1518 PBRK 

EQU 

19H 

0015 

=1519 DBRK 

EQU 

15H 

0011 

=1520 RINT 

EQU 

IIH 

001B 

=1521 NOBRK 

EQU 

IBH 

0016 

=1522 WBRK 

EQU 

16H 

001A 

=1523 SING 
=1524 ; 

=1525 lEJECT 

EQU 

lAH 


int rui.uu«iMu LWjnit:) wutKnift^ HUM IKt PflRSER INTERPRETS 
VflLUES RETURNED BV THE KEVBOfiRO SCfINNING INPUT ROUTINE 
WHEN THE VRRIOUS KEVS OF TIC KEVB0f«D ARE PRESSED. 


VALUE RETURNED FOR EACH KEV OF KEYBOARD HAIRIX 
BS' KES'BOARD SCANNING SUBROUTINE -KBDIN". 


4-+-4-4-4. 

! 1C ! ID ! IE ! IF ! 

4-4.-4-4.-1. 

! 18 ! 19 ! lA ! IB ! 

! 14 ! 15 ! 16 ! 17 ! 

4-j-1-4.-4 

! 18 ! U ‘ 12 ! 13 ! 

4..-4-4-4„-..^ 


4- _4 — —4 -..—..4- 4 

! 0C ! 0D ! 0E ! 0F ! 

4 -..4-.4 

! 88 ! 09 ! 00 ! 0B ! 

4 -4- 4 -4-4 

! 04 ! 05 ! 06 ! 07 ! 

! 00 ! 01 ! 02 ! 03 ! 


;[FILL COMMAND] 

;CNEXTA ] 
iCEND/. ] 

;[DOUNLOAD COmRND] 
iinUTOBREfttC MODIFIER] 
iCDATR MEMORS* MODIFIER] 

;CCLEAR/PREVIOUS] 

;[UPLOAD COMMAND] 

.^AUIOSTEP MODIFIER] 

;[PROGRAM MEMORY MODIFIER] 
i[REGISTER MEMOR^' MODIFIER] 

;[FORMATTED DATA OUTPUT COMMAND] 
;[G0 FROM RESET STATE COMMAND] 
am COMMAND] 

..[tXRMINE/MODIFV COMMAND] 

;[SET BREAKPOINT COMMAND] 

;[CLEAR BREAKPOINT COMMAND] 


;[PROGRAM BREAKPOINT MEMURS' MODIFIER] 
.aDATA BREAKPOINT MEMORY MODIFIER] 

;[HARDWARE REGISTER MEMORY MODIFIER] 

;[WITHOUT BREFBCTOINTS MODIFIER] 
aWITH BREAKPOINTS ENABLED MODIFIER] 
;[SIflGLE STEP MODIFIER] 
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LOC ODJ 

LINE 

SOURCE STRTEHENT 


=1526 

COOEBLK 160 

0029 

=1531+ 

m 

41 


=1535 ;«fiIN 

OUTPUT J€SSflGE(COMHflNO_PROMPT) 


=1536 ; 

CRLL INPUT.BVTE<KEV> 


=1537 ;I1RIN2 

IF TF£ KE'/=LNO GO TO HRIN. 


=1538 ; 



0029 Br01 

=1539 HRIN: 

MOV 

XPCOOE.#! 

002B 7401 

=1540 

CRLL 

Jff'TEST 

0020 2301 

=1541 

MOV 

FLU 

002r 3400 

=1542 

CRLL 

OUTUIL 

0031 14EC 

=1543 

CRLL 

INPKEY 

0033 FB 

=1544 ltRIN2; 

MOV 

fl,KEV 

0034 0313 

=1545 

XRL 

n;#KESlNO 

0036 C62S 

=1546 

J2 

HRIN 


=1547 i 




=1548 iFINDOP FIND OUT IF THE KEV PRESSED IS fl LEGITWflTE tXWfIND INITIATOR: 


=1549 ; 

ITI1P:=CTf« 


=1550 ; 

BCOOE = 

:r.‘PE;=0 


=1551 i 

WHILE CTRB<ITI1P)O0 /CTRB EXHfWSTEO/ 


=1552 ; 

IF CTfiU<nHP>=KEV GOTO MfilNR /COMMRNO LNTRV l OUND IN CTRB/ 


=1553 J 

asE 

IIHP: =lTHP+COMHRNO_EmRS'_SIZL 


=1554 ; 


BCOOE:=BC00E+1 


=1555 ; 

ENOHHILE 


=1556 i 

GOTO ERROR 

0038 BC23 

=1557 

HOV 

ITHP.iCTfiB 


=1558 

IffOV 

BCOOE, ZERO 

0030 B936 

=1569+ 

MOV 

R1,#BC0DE 

003C B100 

=15704 

MOV 

0R1,«ZERO 


=1574 

MNOV 

TVPE,2ER0 

003E B937 

=1585+ 

MOV 

Rl, #TVPE 

0040 B100 

=1586+ 

HOV 

0RLIZERO 

0042 FC 

=1590 FINOOr 

MOV 

FbITHP 

0043 E3 

=1591 

M0VP3 

R,0n 

0044 B2BC 

=1592 

JB5 

HERROR 

0046 OB 

=1593 

XRL 

fi,KEV 

0047 C652 

=1594 

J2 

HRINR 

0049 FC 

=1595 

HOV 

fl,ITHP 

0040 0303 

=15% 

ROO 

fi,#COHSIZ 

004C nc 

=1597 

MOV 

ITHP,R 

0040 B936 

=1598 

HOV 

R1,«0CODE 

004F 11 

=1599 

INC 

0R1 

0050 0442 

=1600 
=1601 ; 

JMP 

FINOOP 


=1602 J 

OUTrUT.?CSSflGE(STRCOM(BCOOE)) /♦PROMPT FOR THE CURRENT COMHflNO+/ 


=1603 ; 

I:=l4l 



=1604 ; 

OPTION:=HEH<I) 


=1605 

I;=1+1 



=1606 ; 

NO.OF-PRRRHETERS:=MEH<I) 


=1607 ; 

I:=3 



=1608 ; 

=1609 MRIMR; 

HHOV 

R, BCOOE 

0052 B936 

=16184 

HOV 

RLtBCOOE 

0054 FI 

-1619+ 

MOV 

H,0R1 

0055 0310 

=1623 

ROO 

n,iSTRCOM 

8057 3402 

=1624 

CRLL 

ouraR 
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LX XJ 

LINE 

SOURCE SrnTEHENT 

0059 1C 

=1625 

INC 

ITMP 

005fl FC 

=1626 

NOV 

R,nNP 

005B E3 

=1627 

I10VP3 

R,0R ; GEl OPTION POINTER 


=1628 

HMOV 

OPTION. A 

005C U939 

=1641+ 

HOV 

RLiOPTION 

005E m 

=1642+ 

MOV 

0R1.A 

005r 1C 

=1646 

INC 

ITMP 

0060 rc 

=1647 

MOV 

A.I1W> 

0061 B 

=1648 

M0VP3 

A.0A ; GET NO OF PARAMETERS 


=1649 

MMOV 

NUMCON.A 

0062 B938 

=1662+ 

MOV 

Rl.«NUMCON 

0064 R1 

=1663+ 

=1667 ; 

MOV 

0R1.R 


=1668 i 

=1669 i 

PnRRMETER.BUFrER<0=>5):=8 

0065 B986 

=1670 

MOV 

Rl.i6 i EACH PARAM IS 2 bSIES 

0067 BC30 

=1671 

MOV 

R0.#SMALO i START X PARAM BUFFERS 

0069 0000 

=1672 HfilNB; 

MOV 

0R0.*00H 

0060 18 

=1673 

INC 

R0 

006C E969 

=1674 

DJNZ 

kl.MAINB 

006E 14EC 

=1675 
=1676 ; 

CflLL 

INPKEV 


=1677 j 

HUILE KEVO«EH<OPTIC»HT\TC)[6-81 DO 


=1678 ; 

IF riEH(0PTI0N+TVFl)t7M GOTO HRINOI 


=1679 ; 

TYPE 

=^^^+1 


=1680 i 
=1681 ; 

ENDMULE 


=1682 

MMOV 

ITMP. OPTION 

0070 B939 

=1698+ 

MOV 

Rl.#OPTION 

0072 n 

=1699+ 

NOV 

A.0R1 

0073 X 

=1712+ 

MOV 

ITMP. A 

0074 1C 

=1715 

INC 

ITMP 


=1716 MRINCl 

: MMOV 

A. ITMP 

0075 FC 

=1732+ 

NOV 

A. ITMP 

0076 E3 

=1736 

N0VP3 

A.0A 

0077 97 

=1737 

CLR 

C 

0078 F7 

=1738 

RLC 

A 

0079 77 

=1739 

RR 

A ; STRIP 8IT SEVEN INTO CARRY 

0078 DC 

=1740 

XRL 

A.KES’ 

0078 C693 

=1741 

J2 

MAIND 

007D r687 

=1742 

JC 

MAINDl 


=1743 

MINC 

TS'PE 

007F 8937 

=1748+ 

MOV 

Rl.tlVPE 

0081 FI 

=1749+ 

NOV 

R.0R1 

0082 17 

=1753+ 

INC 

A 

0083 R1 

=1758+ 

MOV 

0R1.A 

0084 1C 

=1761 

INC 

ITMP 

0085 0475 

=1762 
=1763 ; 

JNP 

MAINCl 


=1764 ; 

=1765 ; 

MODIFIER NOT FOUND SO RESET TS'PE INDEX TO DEFAULT CASE (ZERO). 


=1766 NRINDl 

MMOV 

1SPE.ZERO 

0087 8937 

=1777+ 

NOV 

Rl.iTVPE 

0089 8100 

=1778+ 

NOV 

0Rl.i2ERO 


=1782 

MMOV 

A.OPTION 
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LX 

XJ 

LINE 

SOURCE 

STRTEICNl 

0088 

8929 

=1791+ 

NCV 

Rl^iOPTION 

008D 

FI 

=1792+ 

NOV 

ft0Rl 

ee8E 

E2 

=1796 

N0VP2 

0100 

808F 

2404 

=1797 

C0LL 

OUTNSG 

9m 

049E 

=1798 

JNP 

N0INB0 



=1799 





=1800 

CXL XTPUTJCSS0GE(NODIFIER) 



=1801i1RIND: rtlOV 

fb OPTION 

0092 

8929 

=1810+ 

NOV 

R1.I0PTI0N 

0095 

FI 

=1811+ 

NOV 

a0Rl 

AMvr 

Wyb 

E2 

=1815 

N0Vr2 

0;00 



=1816 

N0DD 

fbTVPE 

0097 

8927 

=1822+ 

NOV 

RtiTVPE 

0099 

61 

=1822+ 

000 

0.0R1 

009R 

2404 

=1827 

C0LL 

OUTNSG 

mat 

14EC 

=1828 

CRLL 

INPKPi’ 



=1829 



009E 

BC00 

=1820 n0INB0: NOV 

ITNP.#8 

mm 

2220 

=1821 HRINBl; NOV 

0.»SH0LO 

0002 

X 

=1822 

000 

(ilTNP 

00R3 

X 

=1822 

000 

aiTNP 

vom 

08 

=1824 

NOV 

R0.0 

00R5 

14C0 

=1825 

C0LL 

INP0OR 

00R7 

FGBR 

=1826 

JO 

CNOINT 

0009 

1C 

=1827 

INC 

ITHP 

0000 

8928 

=1828 

NOV 

R1.4NUNC0N 

OAQA 

wJnlr 

FI 

=1829 

NOV 

fl0Rl 

0000 

07 

=1840 

DEC 

0 

000E 

01 

=1841 

NOV 

0R1.0 

0001 

0680 

=1842 

JZ 

CNOINT 

00B1 

FB 

=1842 

NOV 

0,KEV 

00B2 

0212 

=1844 

XRL 

fllKES'ENO 

0064 

0680 

=1845 

JZ 

CNOINT 

0086 

14tC 

=1846 

C0LL 

INPKEV 

0088 

0400 

=1847 

JNP 

N0INB1 



=1848 





=1849 

CNOINT ENTER TIC CONH0ND PROCESSOR WITH: 



=1850 

B0SE.COOE=TKE NRIN CONN0NO ISTC 



=1851 

riT-E^SUBCOHHNNO TYPE 



=1852 

PHRHUIkKdM ikSr 0DORESS 



=1853 

Pf»«CTER(2)=StC0M) NODRESS 



=1854 

P0RRNETER(2)=D0TR 

0080 

ddlM 

'I'lWI 

=1855 CNDINT: JHP 

INPLEN 



=1856 





=1857 

HERROR ERROR ENCOUNTERED IN N0IN P0RSING ROUTINE. 

OODf* 

mtR/ 

8001 

=1858 HERROR: NOV 

LO0T0,#1 

00BE 

2490 

=1859 

JNP 

PERROR 



=1860 

SIZECHK 

0097 


=1862+ 

=1864+ 

SIZE SET 

151 





►♦♦♦♦♦♦♦♦♦ ♦ ♦♦♦♦♦ i ♦ ♦♦♦♦♦ t ♦♦ i H 



=1874 lEJECT 
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0023 

0003 

0323 IF 
0324 3F 
0325 01 
0326 IE 
0327 49 
0328 01 
0329 10 
032fl 3F 
032B 03 
032C 1C 
0320 3F 
032E 02 
032F 18 
0330 3F 
0331 02 
0332 14 
0333 3F 
0334 00 
0335 0C 
0336 46 
0337 01 
0338 0C 
0339 46 
033R 01 
0338 ID 
033C 49 
0330 00 
033E F 


= 1880 + 
=1884 ; 
=1885 ; 
=1886 ; 
=1887 ; 
=1888 ; 
=1889 ; 
=1890 ; 
=1891 ; 
=1892 ; 
=1893 ; 
=1894 ; 
=1895 j 
=1896 ; 
=1897 ; 


ORG 803 


TfiBLES FOR PflRSLR 


THE CTflB TRBLE CONTfilNS <COHSIZ> ENIRIES FOR EflCH CONIfiNO. TIC MEANING 
OF THE ENTRIES IS AS FOUOHS: 

ENTRS' 0 COMMHNO KEN' TO INITIATE 

ENTRS' 1 POINTER TO TFC LIST OF OPTIONS APPLICABLE 10 THIS COMMAND 
ENTRY 2. NUMBER OF NUMERIC Pf«AMETERS REQUIRED BY IHE COfUAND 


=1898 CTAB 

EQU 

$ AND 0Fni 


=1899 C0MSI2 
=1900 

EQU 

3 


=1901 

DB 

KLA-MODAON OPTABLl 

iEXAH 

=1902 

DB 

KEYGO^LON 0PTAB3,1 

;G0 

=1903 

DB 

KEYFILLOH 0PTAB1>3 

;FILL 

=1904 

DB 

KEYLST,LOH 0PTAB1,2 

;DUf> 

=1905 

DB 

KESRECAON 0PTAB1,2 

; RECORD 

=1906 

DB 

KENRELLON OPTABLB 

ikaORD 

=1907 

DB 

KSE'IB.LOH 0PTAB2,1 

;SETBRK 

=1908 

DB 

KCLRBAOH OPTABLl 

iCLRBRK 

=1909 

DB 

KGORES.LOH OPTAB3.0 

;60 FROM RESET STATE 

=1910 

DB 

0FFH 

iESCOP 


=1911 ; 

=1912 lEJECT 
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LOC OBJ 


LINE 


SOURCE STflTDIENT 


033F 26 
8348 in 
8341 16 
0342 IB 
0343 11 
0344 IS 
034b 95 
0346 26 
034? IR 
0346 96 
0349 2C 
034R IB 
0346 16 
034C Ifi 
0340 15 
034E 99 


=1913 > 

=1914 ; THE OPTION TRBLE GIVES THE VRRIOUS OPTIONS RLLONEO FOR EflCH 
=1915 ; BRSIC CONffiNO, RS FOaOHS; 

=1916 ; 

=1917 ; ENTRY 8. START OF TABLE OF MODIFIER RESPONSES. 

=1918 : ENTRY 14. nLLOHED HODITIER KEYSn«)KES CORRESPONDING TO OPTIONS 0-5. 

=1919 ; MOTE IHRT TIC LAST BYTE IN EACH OPTION GROUP HRS BIT 

=1920 ; SEVEN SET TO INDICATE THE END. 

=1921 ; 

=1922 OPTABl; OB STRNEH 

=1923 06 KLVPH.KEVmKES'REGiRINT 


=1924 06 PBRK.D6RK OR 80H 

=1925 0PTRB2: OB STRMEM 

=1926 OB KEVPM.KESWI OR 80H 

=1927 0PTAB3; OB STRGOC 

=1928 06 NOBRK.UGR)CSING 


=1929 OB KENWLKESTRA OR 80H 

=1930 SI2ECHK 

=1933+ SIZE SET 44 
=1934+; 

= 13 :^ 5 +; 

=1944 HJECT 
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LOC OBJ LINE SOURCE SrnTDCNT 




=1945 

CODEBLK 130 


eiee 


=1955+ 

ORG 

256 




*1959 iOUTUTL OUlPUT ONE OF FOUR UTILITS' DISPLff/ PROft’TS (LEFT JUSTIFIED) 



=1960 ; 

ACCORDING TO flCC CONTENTS (0-*3). 



*1%1 iOUTCLR CLEAR OISPUIV AND OUIFUT CHAfifiCTER STRING STARTING 



=1962 ; 

AT TTE ADDRESS POINTED TO UV BVTE AT ADDRESS IN ACCUHULATOR. 



=1963 iOUTMSG SUBROUTINE TO COPS' A STRING OF BIT PATTERNS FRON ROB TO THE 



=1964 ; 

DISPLfiV REGISTERS. 




=1965 ; 

STRING SELECTED IS DETERHINED BS' ACC WHEN CALLED. 



=1966 ; 

ON ENTERING OUTHSG. ACC CONTENTS ARE USED TO ADDRESS A BS'TE IN 



=1967 ; 

LOOKUP TABLE ON THE CURREN1 PAGE WIOI CONTAINS TIE (CDRESS OF 



=1968 ; 

A STRING OF SEGHENT PATTERN DATA BS'TES TO OE PRINTED ONTO THE 



=1969 ; 

oisFim*. 





=1970 ; 

Tic END OF THE STRING IS INDICHTED HEN BIT? =1 



=1971 ; 

CALLS SUBROUTINE "MDISP'' 




=1972 ; 

TO ACTUALLV EFFECT WRITING INTO THE DISPLAV REGISTERS. 

0180 

0319 

=1973 OUTUTL: 

ADD 

Aj#STRU1L 


0102 

B4F1 

=1974 OUTCLR; 

CflL 

aEAR 


0104 

fi3 

=1975 OUTHSG: 

MOVP 

AjBA 




=1976 

HNOV 

STRTNP,A 


0105 

B940 

=1989+ 

NOV 

RIjISTRTNP 


0107 

fll 

=1990^ 

nov 

§R1jA 




=1994 PRNT2: 

HNOV 

A.STRTHP 

jLOAD next character LOCATION 

0108 

8940 

=2003+ 

NOV 

Rl^iSTRTHP 


0100 

FI 

=2004+ 

NOV 

A;0R1 


010B 

03 

=2008 

NOVP 

A?§A 

;LOAD BIT PATTERN INDIRECT 

010C 

F217 

=2009 

JB7 

PRNTl 


0ieE 

om 

=2010 

CALL 

UDISP 

; OUTPUT TO NEXT dWRACia POSITION 



=2011 

NINC 

STRTNP 

INDEX POINTER 

0110 

C940 

=2016+ 

NOV 

RL#STRTNP 


0112 

FI 

=2017+ 

NOV 

fbORl 


0113 

17 

=2021+ 

INC 

A 


0114 

01 

=2026+ 

NOV 

0RLR 


0115 

2408 

=2029 

JNP 

PRNT2 


0117 

C4D8 

=2030 PRNTl: 
=2031 ; 

JHP 

UDISP 

rDONE 

00151 


=2032 STRUTL 

EQU 

LOU $ 


0119 

31 

=2033 

DB 

LOU<DERROR) 

UTILITY HESSAGE 8 ADDRESS 

0110 

37 

=2034 

DB 

LOU(DSGNON) 

UTILITN’ MESSAGE 1 ADDRESS 

011B 

3E 

=2035 

DB 

LOU(DRUN) 

UTILm* MESSAGE 2 ADDRESS 

011C 

44 

=2036 

DB 

LOH(DBPNl) 

UTILITY MESSAGE 3 ADDRESS 

001D 


=2037 STRCOH 

EQU 

LOU $ 


011D 

46 

=2038 

DB 

LOU(DNGD) 

BASIC COMMAND 0 RESPONSE ADDRESS 

011E 

49 

=2039 

DB 

LOU<DGO) 

BASIC COMMAND 1 RESPONSE ADDRESS 

011F 

4B 

=2040 

DB 

L0U<DF1LL) 

BASIC COMMAND 2 RESPONSE ADDRESS 

0120 

4E 

=2041 

DB 

LOU(DLST) 

BASIC COMMAND 3 RESPONSE ADDRESS 

0121 

51 

=2042 

DB 

LOU(DREC) 

BASIC COMMAND 4 RESPONSE ADDRESS 

0122 

54 

=2043 

DB 

LOUCDREL) 

BASIC COMMAND 5 RESPONSE ADDRESS 

0123 

57 

=2044 

DB 

LOH(DSB) 

BASIC COMMAND 6 RESPONSE ADDRESS 

0124 

50 

=2045 

DB 

LOUCDCB) 

BASIC COMMAND 7 RESPCW5E ADDRESS 

0125 

5D 

=2046 

DB 

LOU(DGR) 

i BASIC COMMAND 8 RESPONSE ADDRESS 

0028 


=2047 STRHEM 

EQU 

LOU $ 


0126 

5F 

=2048 

DB 

LOU<DPRNEN) 

iDATA TSPE MODIFIER 8 RESPONSE ADDRESS 

0127 

61 

=2049 

DB 

LOU(DDANEN) i 

iDATA TS-PE MODIFIER 1 RESPONSE ADDRESS 

0128 

63 

=2050 

DB 

LCIU(DRN) 

;DATR TYPE MODIFIER 2 RESPONSE ADDRESS 
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LOC OBJ 

LINE 

SOURCE STftTEMENl 


0129 69 

=2051 

OB 

LOU(OINTRG) 

iOflTfl TVft HOOIFIER 3 RESPONSE flODRESS 

012R 65 

=2052 

DB 

LOH(OPRBRK) 

;0RTfl TYPE MODIFIER 4 RESPONSE ftOORESS 

012B 67 

=2053 

06 

L0U<00n6RK) 

;DHTR TYPE MODIFIER 5 RESPONSE HOORLSS 

002C 

=2054 SIRGOC 

EQU 

LOU $ 


012C 6B 

=2055 

DB 

L0U<DII06RtC) 

iEXECUTION MODE MODIFIER 8 

ei2D 60 

=2056 

DB 

LOU<DUBRK) 

ilYXimm MODE MODIFIER 1 

012E CF 

=2057 

OB 

LOH(OSS) 

; EXECUTION MODE MODIFIER 2 

012F 72 

=2058 

OB 

LOU(OPfl) 

; EXECUTION MODE MODIFIER 3 

0130 75 

=2059 

06 

LOU(DTR) 

; EXECUTION MODE MODIFIER 4 


=2060 i 





=2061 ; 

UTILITY OUTPUT MESSflOES 



=2062 ; 





=2063 OERROR: 




0131 79 

=2064 

OB 

011110016 

;*E* 

0132 50 

=2065 

DB 

010100006 

;*R" 

0133 50 

=2066 

OB 

01010000B 

;-R" 

0134 5C 

=2067 

06 

01011100B 

;"0“ 

0135 50 

=2068 

06 

010100006 

;*R- 

0136 C0 

=2069 

DC 

xXWXFWw 

■ ■ 


=2070 OSGNON: 




0137 00 

=2071 

DB 

WWWWWP 

. ■ a 

0138 76 

=2072 

DB 

011101186 


0139 60 

=2073 

OB 

0110U01B 

;-S" 

013R 79 

=2074 

DB 

011118016 

iV 

ei3B 40 

=2075 

OB 

CH QAAQAAn 

. m^m 

013C 66 

=2076 

06 

01100U0B 

;“4- 

0130 E7 

=2077 

06 

111001116 

i-9. "(TM) 


=2078 ORUN: 




013E 00 

=2079 

OB 

AIVaAAAAAA 

onKMKnwU 

. a a 

f 

013F 40 

=2080 

06 

MAMMA 

vXVOtmWOO 

. a. a 

t 

0140 50 

=2081 

06 

010100006 

;*R* 

0141 1C 

=2082 

DB 

80011180B 

;-U- 

0142 54 

=2083 

DB 

010101006 

;*N- 

0143 C0 

=2084 

DB 

J4 AAAAAATi 

XlOTOWW 

. a. a 

f . 


=2085 OBfW: 




0144 73 

=2086 

DB 

011100116 

.apa 

0145 B9 

=2087 

06 

101118016 

;-C.* 


=2088 $LJECT 
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-c-w./ t 



=2090 i 

PRII10RV COHM0ND RESPONSE STRING PRTTERNS 



=2091 ; 





=2092 DMOD: 




0146 79 

=2033 

D0 

01111001B; 00111001B, 11110100B > 

“ECN. ■ 

0147 39 





0148 F4 

= 





=2094 DGO: 




0149 3D 

=2095 

DB 

00111101B,11011100B 

“GO. “ 

0140 DC 

= 





=2096 DFILL; 




0148 71 

=2097 

DB 

01U0001B. 0011000%; 101110000 ; 

“F IL " 

814C 30 

= 




014D 88 

= 





=2098 OLST: 




014t 38 

=2093 

De 

001110008; 01101101B>11111080B ; 

“LSI. “ 

014r 6D 

= 




0150 rs 

= 





=2100 DREC: 




0151 3£ 

=2101 

DB 

00111110B; 01110011B; 101110008 ; 

“UPL. “ 

0152 73 

= 




0153 B8 

= 





=2102 DREL: 




0154 ^ 

=2103 

DB 

010111100; 010101008; 101110008 ^ 

“DNL. " 

0155 54 

= 




0156 08 

= 





=2104 DSB: 




0157 6D 

=2105 

DB 

01101101B; 011110008; 111111000 ; 

“STB. “ 

0150 78 

S 




0153 FC 

= 





=2106 DCD: 




0150 39 

=2107 

DB 

00111001B; 001110008; 111111008 ; 

“ao. “ 

015B 38 

= 




015C FC 






=2108 DGR: 




015D 3D 

=2109 

DC 

001111016; 110100008 ; 

“OR. “ 

015E D0 

= 





=2110 REJECT 
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SOURCE STRTEMENT 


LOC OBJ LINE 

=2111 ; 

=2112 ; MEHORV* SPflCE HODIFIER OPTION RESPONSE STRINGS: 
=2113 ; 

=2114 DPRfOl: 


015r 73 

=2115 

oe 

01110011B>11010000B 

;"PR.- 

0168 DO 

= 





=2116 DDflMEII: 




0161 5E 

=2117 

08 

01011110Billll0111B 


0162 F7 






=2U8 DRH: 




0163 50 

=2119 

08 

010100066a0111101B 

;*Ra" 

0164 0D 

= 





=2120 OPRBRK: 




0165 73 

=2121 

OB 

01110011B.11111100B 

;-PB. ■ 

0166 rc 

= 





=2122 OOfiBRK: 




0167 5E 

=2123 

06 

01011110B>11111100B 

;"0e." 

0160 PC 






=2124 DINTRG: 




0169 76 

=2125 

OB 

01110110B.11010000B 

; -UR. - 

016R D0 

= 





=2126 ; 





=2127 ; 

RESPONSE MESSAGES POR GO CONDITION NODIPIERS. 


=2128 ; 

=2129 DNOGRK: 




016B 54 

=2130 

06 

010101006. lUHlOeB 

; -NB. • 

016C PC 

= 





=2131 DUBRiC: 




016D 7C 

=2132 

DB 

011111006. U0100006 

;-BR. • 

016E D0 

s 





=2133 OSS: 




016F 6D 

=2134 

OB 

01101101B. 01101101B. 11111000B 

; -SST. - 

0170 60 

= 




0171 P8 

= 





=2135 DPfl; 




0172 77 

=2136 

06 

011101118.011111006.110180006 

i-ABR.- 

0173 7C 

= 




0174 00 

= 





=2137 OTR: 




0175 77 

=2138 

OB 

01110111B. 0U0U01B. 111U0006 

;-AST. - 

0176 60 

= 




0177 P8 

= 





=2139 ; 





=2140 

SIZECHK 


0078 

=2143+ SIZE 

SET 

120 



=2144+; 
=2145+; **** ** 
=2154 lEJECT 
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LOG OBJ 

LINE ! 

SOURCE STfiTEMENT 


=2155 

COOEBLK 45 

001:0 

=21C0+ 

ORG 

192 


=2164 ; INPnOR 

INPUT OATH INTO THO- BVTE PflRfftETER BUFFER INDICftTEO BV R0. 


=2165 ; 

RECEIVE NUMERIC KCVS FROM KES'BOfiRO UNTIL ' OR 


=2166 ; 

SHIFT INTO fOORESS BUFFER; 


=2167 ; 

RE-MRIIE OISPLRV. 


=2168 ; 

IF NUMBER OF CONSTHNTS NEEOEO IS ZERO. NO NEW PBRNMETERS ARE RaOUEO. 


=2169 ; 



00C0 97 

=2170 INPflOR: 

CLR 

C 

00C1 R7 

=2171 

CPL 

C 


=2172 

MMOV 

R.NUMCON 

00C2 B938 

=2181+ 

MOV 

R1>«NUMC0N 

00C4 n 

=2182+ 

MOV 

R.0R1 

00Cb C6D7 

=2186 

JZ 

asiFi 

00C7 FB 

=2187 INPnOl: 

MOV 

fl.KEV 

00C8 92D7 

=2188 

JB4 

ELSIFl 

00 CR 20 

=2189 

XCH 

a0R0 

00CB 47 

=2190 

SURP 

R 

00 CC 20 

=2191 

XCH 

R.0R0 

00CD 30 

=2192 

XOiO 

R.0R0 

00 CE 18 

=2193 

INC 

R0 

0eCF 30 

=2194 

XCHO 

R.0R0 

0000 3478 

=2195 

m± 

UPOROR 

0002 14EC 

=2196 

CRLL 

INPKEV 

00D4 97 

=2137 

CLR 

C 

0005 04C7 

=2198 

JMP 

INPRDl 


=2199 ; 

=2200 ;aSIFl 
=2201 ; 

IF KEY= 

" OR ^ ' THEN REfURN. 

0007 FB 

=2202 LLSIFl: 

MOV 

R.KEV 

0008 0312 

=2203 

XRL 

R.iKEVNXT 

0000 C6E5 

=2204 

JZ 

ELSIF2 

000 c FB 

=2205 

MOV 

R.KES* 

0000 0313 

=2206 

XRL 

fl.#KEVENO 

00Or C6E5 

=2207 

JZ 

ELSIF2 


=2208 ; 




=2209 ; 

ELSE GOTO PERROR. 


=2210 ; 



00 tl 6R02 

=2211 

MOV 

L0flTR.i2 

00E3 249fl 

=2212 

JMP 

PERROR 

00E5 B846 

=2213 ELSIF2: 

MOV 

R0.«SEGMRP 

00E7 B903 

=2214 

MOV 

Rl.#3 

00E9 B4F5 

=2215 

CRLL 

OBLRNK 

00EB 83 

=2216 

RET 



=2217 

SIZECHK 


002 c 

=2220+ SIZE 

SET 44 


= 2221 +; 

= 2222 +; 

=2231 REJECT 
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LX OBJ 


LINE 


SOURCE STRTEHENT 



=2232 

CODEBLK 35 

0178 

=2242+ 

ORG 

376 


=2246 ;UPDf)DR UPDATE ADDRESS FIELD 


=2247 ; 

(UCT THREE CKHRflCTERS OP DISPLRV) HUH ADDRESS BUFFER 


=2248 UPDADR; 

nnov 

NEXTPLPLUS3 

0178 B93fl 

=2259+ 

MOV 

RL#NEXTPL 

017R 0103 

=2260+ 

MOV 

0Rl.iPLUS3 


=2264 ; 

HRITE AODR INTO NEXT TfffE BUFFER LOCATIONS. 

017C F0 

=2265 UPDADl: 

MOV 

A.0R8 

017D C8 

=2266 

XC 

R0 

017E 530F 

=2267 

ANL 

AifOFH 

0180 968E 

=2268 

JNZ 

DSPHI 

0182 0408 

=2269 

CALL 

HDISP 

0184 F0 

=2270 

MOV 

Pu0R0 

0185 47 

=2271 

9VP 

A 

0186 530F 

=2272 

ANL 

A,#0FH 

0188 9692 

=2273 

JNZ 

DSPNl 

018R D4D8 

=2274 

CAa 

IDISP 

01X 2494 

=2275 

JMP 

DSPLO 

018E mi 

=2276 DSPUI; 

CALL 

DSPAX 

0190 F0 

=2277 DSPNIO: 

NOV 

A.0R0 

0191 47 

=2278 

SNAP 

A 

0192 D4D3 

=2279 DSPIH: 

CAa 

DSPACC 

0194 F0 

=2280 DSPLO: 

MOV 

I10R0 

0195 D4D3 

=2281 

CAa 

DSPAX 

0197 83 

=2282 

RO 



=2283 

SIZECHK 

0020 

=22864 SIZE 

SET 

32 


=22874; 

=2288+; 




=2297 $EJECT 
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f \ unrjWTi. 


i\t.rLni 


=2313 ; 0UTPUTJC5SI«t<PERR0RJ*R»rT) 

=2314 > OUTPUT(LDflTft) 

=2315 ; CfiLL IMni1_BVTE(KEV) 

=2316 ; UNTIL KEV='CLEfi;(A1CEV10U5 
01 ^ Bfi04 =2317 RERROR: MOV LUflTn>#4 

019fl BF02 =2313 PERROR: MOV JTO)DE.I2 

me 7401 =2315 m± XPTE5T 

019E 27 =2320 CLR fl 

019rD7 =2321 MOV PSH^fl 

01fl0 FB =2322 HOV R.KEV 

01fll 0317 =2323 XRL FLiKESaR 

01fl3 C6BG =2324 JZ LRR0R2 

01R5 27 =2325 CLR R 

01fiC 3408 =2326 CflU UUTUTL 

01R8Ffi =2327 MOV FLLORTR 

01fl9 0403 =2328 CRLL OSPRCC 

=2329 MMOV KBOCUF, NEGl 

01RBB93B =23404 MOV R1.#KB0BUF 

eiflOBlIF =2341+ MOV 0RL#NEG1 

01RF 14EC =2345 CfiLL INPKEV 

01B1 FB =2346 MOV R.KEV 

01B2O313 =2347 XRL fl,#KES'ENO 

01B4 9688 =2348 JN2 RERROR 

01B6 0429 =2349 ERR0R2: JMP MRIN 

=2350 SIZtCUK 

0020 =2353+ SIZE SET 32 

=2354+; 

=2364 ; 

=2365 COOEBLK 80 

0200 =2380+ ORG 512 

=2384 ; INPLEM IMPLEMENT COMHRNO 
0200 2306 =2385 IMPLLM; MOV fl iLOH(JMPTbL> 

=2386 MROO fl.. BCUOE 

0202 B936 =2392+ MOV RL#BCOOE 

0204 61 =2393+ ROD fl.0Rl 

0205 B3 =2397 JMPP 0fl 

=2398 ; 

=2389 JMPTBL; 

0206 0F =2400 OB LOH<JTO«0O) 

0207 20 =2401 OB LOW(JTOGO) 

0208 22 =2402 OB LOH(JTOFIL) 

0209 Ifi =2403 OB LOH(JTOLST) 

020n 11 =2404 OB LOH(JTOREC) 

020B 16 =2405 OB LOH<JTOREL) 

020C 2C =2406 OB LOHCCOMSBR) 

0200 28 =2407 OB LOW(COMCBR) 

020E 26 =2408 OB LOH<JGORES) 

=2409 ; 

020F 444F =2410 JTOMOO: JMP EXmiN 

=2411 ; 

0211 85 =2412 JTOREC; aR F0 ;F 0=0 => HEX FORMAT ORTR OUMP 
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LOC OBJ LINE SOURCE STATEMENT 

0212 B472 =2413 CALL HFILEO 

8214 0429 =2414 JMP MAIN 

=2415 ; 

0216 5497 =2416 JIORa; CALL HRECIN 

0218 0429 =2417 JMP MAIN 

=2418 J 

021A 85 =2419 JTOLST: CLR F0 

021B 95 =2420 CPL F8 

021C ES472 =2421 CALL HFILEO 

021E 0429 =2422 JMP MAIN 

=2423 ; 

0220 8400 =2424 JTOGO: JMP EPRUN 

=2425 ; 

0222 54E5 =2426 J10FIL; CAU COHFIL 

0224 0429 =2427 JMP MAIN 

=2428 ; 

0226 8461 =2429 JGORES: JMP COMGOR 

=2430 ; 

=2431 .iCOMCBR COMMAND TO aEAR BREAKPOINTS 
0228 Bm =2432 COMCBR; MOV LDATA,#0 

0220 442E =2433 JMP BRKFIL 

=2434 ; 

=2435 ;COMSBR COMMAND TO SET BREAKPOINIS 


022C BA01 

=2436 COMSBR: 

NOV 

LDATFLU 

022E 2304 

=2437 BRKFIL: 

MOV 

A. *4 


=2438 

MADD 

TVPbA 

0230 BS37 

=2448+ 

NOV 

RLiTVPE 

0232 61 

=2449+ 

ADD 

F10R1 

0233 R1 

=2455+ 

NOV 

0RLA 

0234 F400 

=2459 BRKNXT: 

CALL 

LSTORE 

0236 F6 

=2460 

MOV 

flKEV 

8237 D313 

=2461 

XRL 

A.iKEN’END 

0239 C64D 

=2462 

JZ 

BRKEND 

023B 14EC 

=2463 

CALL 

INPKEV 


=2464 

MHOV 

NUMC0N.PLUS1 

023D B938 

=2475+ 

NOV 

RLiNUHCON 

023F B101 

=2476+ 

NOV 

eRLIPLUSl 

0241 8830 

=2480 

MOV 

R0.iSMALO 

0243 6000 

=2481 

MOV 

0R0.i0 


=2482 

MNOV 

SMAKhZERO 

0245 B931 

=2493+ 

MOV 

RttSHAHI 

0247 Bl^ 

=2494+ 

MOV 

0R1.»ZERO 

0249 14C0 

=2498 

CALL 

INPADR 

024B E634 

=2499 

JNC 

BRKNXT 

024D 0429 

=2508 BRKEND; 

JMP 

MAIN 


=2501 

SIZECHK 



004F =25044 SIZE SET 79 

=2505+; 

=2506+; 

=2515 lEJECT 
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LX OBJ 

LINE 

SOURCE STRTEMENT 


=2516 

CODEBLK 75 

a24F 

=25311 

0R6 

591 


=2535 ;EXRniN EXRniNE/HODIFN' fCHORV COHHRND. 


=2536 ; 

DISPLflVS HENORV HODRESS SPflCE OPTION, RDORBS VfiLUE, AND CURRENT ! 


=2537 ; 

READS KESBOARO AND INTERPRETS RESPONSE. 


=2538 




=2539 ; 

OUTW.rCSSRX( OCI10RSLSPRCE_XTIClNXSm>'='<DfiTR_B^ 

024F 85 

=2540 EXRNIN: XR 

F0 


=2541 EXRW: NHOV 

RETYPE 

0250 8937 

=25504 

nov 

RLiTYPE 

0252 FI 

=2551+ 

NOV 

Ri0Rl 

0253 0326 

=2555 

ROD 

n. tSTRHEN ; OFFSET FOR FIRST HENORV TVPE STRING 

0255 3402 

=2556 

CRLL 

XTCLR 

0257 8831 

=2557 

NOV 

R0.iSNRLO-M 

0259 347C 

=2558 

CRLL 

UPDRDl 

025B 2348 

=2559 

NOV 

Pu 1010010008 ;^=^ 

025D D4D8 

=2560 

CRLL 

HDISP 

025F 14FC 

=2561 

CRLL 

LFETCH 

0261 Ffl 

=2562 

NOV 

R.LDRTR 

0262 47 

=2563 

SMRP 

R 

0263 MD3 

=2564 

CRLL 

DSPRX 

0265 Ffl 

=2565 

NOV 

R,LDflTR 

0266 D4D3 

=2566 

CRLL 

DSPRX 


=2567 




=2568 




=2569 

INPUT JCEVCKEV) 


=2570 

IF (KES’ 

IS NOl NUNERIC) 


=2571 


IF <KEV=KEVEND) X TO PRRSER 


=2572 


aSEIf (KEV=KEVNEXT) 


=2573 


INCRENENT <SNfi> 


=2574 


XTO EJCRNIN 


=2575 


ELSEIF (KEV=KEVPREVIOUS) 


=2576 


DECRENENT <SHP,> 


=2577 


XTO EXRNIN 


=2578 


ELSE XTO PERROR 


=2579 



0268 14EC 

=2580 

CRLL 

INPKEV 


=2581 

NNOV 

flKEV 

026R FB 

=2597+ 

NOV 

f;.KEV 

026B 9278 

=2601 

JB4 

EXRHl 


=2602 . 




=2603 . 

RPPEND ORTP. WITH <LOHNIB-<KLV» 


=2604 . 

CRLL LSTORE 


=2605 . 

XTO EXRNIN 


=2606 



026D FR 

=2607 

NOV 

R.LORTR 

026E 47 

=2608 

SURP 

R 

026F 53F0 

=2609 

RNL 

a»0F0H 

0271 8675 

=2610 

JF0 

EXRN5 

0273 27 

=2611 

XR 

R 

0274 95 

=2612 

CPL 

F0 

0275 68 

=2613 LXflri5: RDO 

flKEV 

0276 RR 

=2614 

NO'V 

LDRTflR 

0277 F400 

=2615 

CRLL 

LSTORE 

0279 4450 

=2616 

JNP 

EXRN0 
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LX OBJ 

LIJC 

SOURCE STRTEHENT 


=2617 ; 



027B D313 

=2618 EXRHl: 

XRL 

HtCKESEND) 

027D 9681 

=2619 

JNZ 

EXRN2 

027F 0429 

=2620 

J«P 

NRIN 


=2621 ; 



0281 FB 

=2622 EXWC: 

nov 

flKES' 

0282 D312 

=2623 

XRL 

flilKESWT 

0284 968R 

=2624 

JNZ 

EXflN3 

0286 34F2 

=2625 

CflLL 

INCSNft 

0288 444F 

=2626 

JMP 

EXftNIN 

028R FB 

=2627 E5«0: 

NOV 

ft, KEY 

0288 D317 

=2628 

XRL 

fLiKEStlR 

028D 9693 

=2629 

JNZ 

EXftN4 

028F 54r4 

=2630 

CflL 

DECSNft 

0291 444F 

=2631 

JHP 

EXftNIN 

0293 8003 

=2632 EXflM: 

NOV 

LDftTft>«03H 

0295 249ft 

=2633 

JNP 

PERROR 


=2634 

SIZECHK 

0048 

=2637+ Size 

SET 

72 


=2638+; 
=2648 ; 



=2649 

CODEBLK 4 


oecc 

=2654+ 

ORG 236 


00EC D4C2 

=2658 INPKEV: 

CftLL XBDIN 

; RETURNS KEV DEPRESSION IN ft 

00EE ftB 

=2659 

NOV KEV.ft 


00EF 83 

=2660 

RET 



=2661 

SIZECHK 


OOtkA 

=26644 SIZE 
=2665+; 

SET 4 



•toob+j 




=2675 REJECT 
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SOURCE STRTEMENT 


LOC OBJ LINE 


CkdOtk 

ITTW 


2676 $ 
=2677 
=2697+ 


=2701 

=2702 

=2703 

=2704 

=2705 

=2706 

=2707 

=2708 

=2709 

=2710 


EPRUN 


INCLUDE(:F0:GOCOMS. HOD) 

COOCBLK 210 
ORC 1024 
RUN ENULRTION NODE. 

RaOfiD ET WITH SSSTEH STRTUS RND RELERSE 
SEQUENCE IS fiS FOLLOHS: 

IF COnmND HRS TERHINHTED BV TIE 'NEXT' KEY; 

SIORE SHR INTO EP PC; 

STORE EP PC INTO TOP-OF-STRCK (RELATIVE 10 EP PSH); 
PASS EP R0; 

PASS EP PSH; 

PflSS EP TIHER; 

PASS EP flCCUHULRTOR; 


0400 2302 

=2711 ; 

=2712 EPRUN: 

HOV 

0.12 

0402 3400 

=2713 

CALL 

OUTUTL 


=2714 

mov 

R.NUHCON 

0404 B938 

=2723+ 

HOV 

RLINUHCON 

0406 FI 

=2724+ 

HOV 

R.0R1 

0407 9615 

=2728 

JNZ 

EPCONT 


=2729 

HHOV 

LPPaO.SHRLO 

0409 B930 

=2746^ 

HO-V 

R1.«SHRL0 

040B FI 

=2746+ 

HOV 

R.0R1 

040C B924 

=2752+ 

HOV 

Rl.#EPPaO 

040E R1 

=2753^ 

HOV 

0R1.R 


=2756 

HHOV 

EPPaiLSHRUI 

040F B931 

=2772+ 

HOV 

RIISHRKI 

0411 FI 

=2773+ 

HOV 

R.0R1 

0412 B925 

=2779+ 

HOV 

RLiEPPCHI 

0414 R1 

=2780+ 

HOV 

0R1.R 

0415 FB 

=2783 tPCONT; 

HOV 

fl,KEN' 

0416 D312 

=2784 


fl.#KEVNXT 

0418 C61F 

=2785 

JZ 

EPCONl 

041R 2301 

=2786 

HOV 

flWlH ;STnCK OTC LEVa DEEP TO HOLD USER SIRRTIMG RDDRESS 


=2787 

HHOV 

EPPSH.fl 

041C B921 

=28004 

HOV 

RLiEPPSH 

041E R1 

=2801+ 

HOV 

0R1.R 


=2805 EPCONl: 

HHOV 

LDflTR.EPPaO 

041F B924 

=2821+ 

HOV 

RLiEPPaO 

0421 FI 

=2822+ 

HOV 

R.0R1 

0422 RR 

=28354 

HOV 

LDflTfin 


=2838 

HHOV 

R.EPPSH 

0423 B921 

=2847+ 

HOV 

RtiEPPSH 

0425 FI 

=2848+ 

HOV 

R.0R1 

0426 07 

=2852 

DEC 

R 

0427 5307 

=2853 

RNL 

R.i07H 

0429 E7 

=2854 

RL 

R 

042R 0308 

=2855 

ADD 

R.i08H 


=2856 

HHOV 

SHRLO.R 

042C 8930 

=2869+ 

HOV 

RlitSHRLO 

042E R1 

=28704 

HOV 

0R1.R 

042F FC3 

=2874 

CRLI 

EPSTOR 


=2875 

HINC 

SHRLO 

0431 8930 

=2880+ 

HOV 

R1.ISHRL0 

0433 FI 

=2881+ 

HOV 

R.eRl 
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LOC OBJ 


LINE 


SOURCE STATEUNT 


0434 17 

=2885+ 

INC 

R 

0435 HI 

=2890+ 

NOV 

0R1.R 


=2893 

NHOV 

R.EPPSU 

0436 B921 

=2902+ 

NOV 

RLIEPTSM 

0438 FI 

=2903+ 

NOV 

R.0R1 

0439 53F0 

=2907 

RNL 

R.i0F0H 


=2908 

NORL 

flEPPCHI 

043B B925 

=2914+ 

NOV 

R1.#EPPCHI 

043D 41 

=2915+ 

ORL 

fl0Rl 

043E RR 

=2919 

NOV 

LDRTR.R 

043F F4C3 

=2920 

cna 

EPSTOR 

0441 B8D1 

=2921 EFCNT: 

NOV 

R0.ILOU(OV2BRS+OVSIZE> 

0443 746R 

=2922 

CRLL 

OVLORD 


=2923 

HNOV 

R.EPR0 

0445 B923 

=2932+ 

NOV 

Rl.iEPR0 

044? FI 

=2933+ 

NOV 

R.0R1 

0440 F4D0 

=2937 

CRa 

EPPflSS 


=2938 

NNOV 

R.EPPSH 

044R B921 

=29474 

NOV 

RLIEPPSU 

044C FI 

=2948+ 

NOV 

R.0R1 

0440 F4O0 

=2952 

CRLL 

EPPRSS 


=2953 

HNOV 

fLEPTIHR 

044F 6922 

=2962+ 

NOV 

RLIEPTIHR 

0451 FI 

=2963+ 

NOV 

fl0Rl 

0452 F4D0 

=2967 

CRLL 

EPPRSS 


=2968 

HNOV 

ftEPflCC 

0454 B920 

=2977+ 

NOV 

RtlEPRCC 

0456 FI 

=2978+ 

NOV 

R.0R1 

0457 F4O0 

=2982 

CRLL 

EPPRSS 

0459 8903 

=2983 

ORL 

PI. 1000000116 

045B F40B 

=2964 

CRU 

EPSTEP 

0450 745R 

=2965 

Cfla 

OVSURP 

lrT%Jr <nvD 

=2986 

JHP 

CGO 


=2967 i 




=2988 iCOnOOR GO FROM RESET COWRNO 


=2969 ; 

RESET PROCESSOR 


=2990 ; 

RaORO LOU OROER PROGRRH BSIES INTO PROGRRH NENORV 


=2991 ; 



0461 2302 

=2992 COHGOR: 

NOV 

R.i2 

0463 3400 

=2993 

CRLL 

OUTUTL 

0465 8910 

=2994 

ORL 

P1.#EPRSE1 

0467 745R 

=2995 

CRLL 

OVSURP 

0469 99EF 

=2996 

RNL 

PI. KNOT EPRSET) 


=2997 ; 




=2996 ; 




=2999 ;CG0 

SET UP BRERK LOGIC FOR RPPROPRIRTE BRERK CONDITIONS. 


=3000 ; 

DEPENDING ON CONTENTS OF 'TYPE'. 


=3001 ; 

=3002 CGO; 

NNOV 

R.TVPE 

046G B937 

=30U+ 

NOV 

RtiTVPE 

0460 FI 

=3012+ 

NOV 

R.0R1 

046E 0371 

=3016 

RDD 

R.iLOH GOTBL 

0470 63 

=3017 

JH*P 

0 R 


=3018 ; 



0471 7C 

=3019 GOTBL: 

DG 

LOU<CGONB) 

All mnemonics copyrighted © Intel Corporation 1976. 


5-53 





0473 80 

=3021 

DC 

LON(CGOSS) 

0474 76 

=3022 

D8 

LOH(CGOPfiT) 

0475 80 

=3023 
=3024 i 
=3025 CGOP0T: 

08 

LON(CGOTRR> 

0476 SSFD 

=3026 CGOUB; 

RNL 

PLINOT 0000O010C 

0478 8901 

=3027 

OM. 

PL 1000000018 

047R 8482 

=3028 

J«P 

EPRUN4 


=3029 i 



047C 99FC 

=3030 CG0N8; 

RNL 

PLINOT 00000011B 

047E 8482 

=3031 
=3032 ; 

=3033 CGOTR0: 

W 

EPRUN4 

0480 8903 

=3034 CGOSS: 
=3035 i 

ORL 

PL 1000000118 


=3036 ;EPRUN4 

sn UF* CONTROL LOGIC TO RUN USER'S PROGRRH. 


=3037 i 

RELERSE PROCESSOR TO RUN 


=3038 i 



0482 8020 

=3039 EPRUN4: 

ORL 

P2.1001000008 ; DISRGLE EP LINC REFERENCES. 

0484 9nEF 

=3040 

RNL 

P2.iN0T 000100008 ; SET RLL REFERENCES TO RRN RRRRV. 

0486 99DF 

=3041 

RNL 

PLINOT NODOUT 

0488 F4F4 

=3042 

CRLL 

Eim 


=3043 } 




=3044 ; 

URIT FOR KEYSTROKE INPUT OR HRRDURRE BRERK TO OCCUR. 


=3045 ; 



0480 F40C 

=3046 EPRUNl: 

CRLL 

TOFPOL 

048C F40F 

=3047 

CRLL 

KBDPOL 

048E 37 

=3048 

CPL 

R 

048F F295 

=3049 

JB7 

EPRUN3 

0491 8699 

=3050 

JNI 

EPRUN2 

0493 8480 

=3051 

JMP 

EPRUNl 


=3052 ; 




=3053 ;EPRUN3 

R KEN*STROKE URS DETECTED HHILE EP MRS RUNNINa 


=3054 i 

BRERK EXEOTIION 


=3055 ; 

PROCESS KEYSTROKE. 

0495 8400 

=3056 EPRUN3: 

CRLL 

STSflVE 

0497 8483 

=3057 

JNP 

EPRUN5 


=3058 ; 




=3059 ;EPRlill2 

RN ENRBLED BRERK CONDITION OCCURRED. 


=3060 ; 

BRERK ENULRTION NODE. 


=3061 ; 

CONTINUE RCCORDING TO GO CONNRND TYPE. 

0499 8400 

=3062 EPRUN2: 

Cfla 

STSRYE 


=3063 

NHOV 

flTN-PE 

0498 8937 

=3872H 

HOY 

RLfTYPE 

049D FI 

=3073+ 

HOY 

R.0R1 

049E 0301 

=3077 

ROD 

RiiLOH CNTTBL 

0400 83 

=3078 

JNPP 

m 


=3079 ; 



0401 06 

=3080 CNTTBL: 

08 

LOH(BRKERR) 

0402 80 

=3081 

D8 

L0U(EPRUN6) 

0403 80 

=3082 

D6 

L0N(EPRUN6) 

0404 00 

=3083 

DB 

LOMCCNTTRR) 

0405 00 

=3084 

DB 

LOHCCNTTRR) 


=3085 J 
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LOC OBJ 


LINE 


SOURCE STRTEMENl 


=]«86 ;BRKERR BREfIKPOINT LfiTCH HRS SEl THOUGH BREfiKPOINlS NOT ENRBLED. 
=3887 ; DISPLRV HRRDHRRE ERROR HESSRGE. 

04B6 6R0B =3888 CRKERR; NOV LDRTR/I8GH 

84fl8 249fl =3838 JHP PERROR 

=3880 i 

=3081 CNTTRfl: NHOV JIOSPTIH 
04RRD828 =31804 NOV RLIDSPTIN 

04flC FI =31014 NOV fl0Rl 

04RD 94f2 =3185 CRLL DELRV 

84RF r4RF =3186 CRLL KBOPOL 

04B1F241 =3107 JB7 EPCNT iB7 SET INDICATES NO KEYSTROKL 

=3108 ; 

=3109 ;EPRUN5 INPUT(KEV), 

=3U0 ; IF KEV=END 60 TO PARSER. 

=3111 i INPUT KEV. 

=3112 ; IF KtVONEXT GO TO PARSER. 

=3113 ; CONTINUE IN SANE NODE. 

=3114 ; 

04B3 14EC =3115 EPRUN5: CRLL INPKEV 

84B5 F6 =3118 NOV R.KPi' 

04B6D313 =3117 XRL fl.iKEVEND 

0488 96C7 =3118 JNZ EPRET 

04BR 14EC =3118 EPRUN6: CALL INPKEV 

046CFB =3120 NOV R.KEV 

04CDD312 =3121 XRL a«KEVNXT 

04BF 96C7 =3122 JNZ EPRET 

04C1 2382 =3123 NOV fl.i2 

04C3 3400 =3124 CALL OUTUTL 

84C5 8441 =3125 JNP EPCNT 

=3126 ; 

=3127 ;EPRET EXECUTION NODE IS TO BE TERNINRTED. 

=3128 ; JUNP INIO PARSER TO INTERPRET KES’ RLRERDV DETECTED. 

04C7 8433 =3129 EPRET: JNP NRIN2 

=3130 ; 

=3131 SIZECHK 

00C9 =3134+ SIZE SET 281 

=3135+; 


=3136+; 

=3145 lEJECT 


All mnemonics copyrighted © Intel Corporation 1976. 


5-55 





LOC OBJ 


LINE 


SOURCE SlfiTEfCNT 



=3146 

CODEBLK 115 

ojW 

=31714 

ORG 

1280 


=3175 jSTSRVE EP STATUS SRVE SUBROUTINE. 


=3176 ; 

FORCE CflLL TO LX 014H; 


=3177 ; 

SflVE EP flXi 


=3178 i 

SflVE EP TINER; 


=3179 ; 

SRVE EP PSH; 


=3180 ; 

SflVE EP R0; 


=3181 ; 

SR’TE EP TOP-OF-STACK IN EP PC; 


=3182 ; 

RETURN. 


0500 744F 

=3183 STSflVE. 

CflLL 

EPBRK 

0502 2303 

=3184 

NOV 

R.»3 

0504 3400 

=3185 

CflLL 

OUTUTL 

0506 745R 

=3186 

CflLL 

OVSHflP 

0508 B88F 

=3187 

NOV 

R0.tLOU<OV0BRS4OVSI2£) 

050R 746fl 

=3188 

CflU 

OVLOflD 

050C 8fl20 

=3189 

ORL 

P2.1001000008 

05eE 2314 

=3190 

NOV 

fl#14H 

0510 91 

=3191 

NOVX 

0RLR 

0511 9flDF 

=3192 

RNL 

P2.iN0T 001000008 

0513 8903 

=3193 

ORL 

PI. 1000000118 

0515 F4DB 

=3194 

CflLL 

EPSTEP 

0517 8fl20 

=3195 

ORL 

P2>1001000008 

0519 9flEF 

=3196 

RNL 

P2.iN0T 000100008 

0518 8903 

=3197 

ORL 

PLKErCRflH OR ENBLNK) 

051D r4D8 

=3198 
=3199 i 

CflLL 

EPSTEP 


=3200 ; EXECUTION PROCESSOR IS NON fiT LOCOTIClN 009U INTERNflL WITH 
=3201 ; (RETURN flOORESS+2) PUSI€D ON STfWC. 

=3202 ; 

0blF B8fi5 =3203 NOV R0, iLOH(OV3BflS40VSIZE) 

0521 746fi =3204 CflLL OVLOOD 

0523 F4O0 =3205 CflLL EPPflSS 

=3206 HHOV EPflCC,n 

0525 B920 =32194 NOV RLiEPflCC 

0527 fll =32204 HOV 0RLR 

0528 F4O0 =3224 CfU EPPflSS 

=3225 mOV EPTIfl6fl 

052flB922 =32384 NOV RMEPTIHR 

052Cftl =32394 NOV 0Rl,fl 

052D F4W =3243 CflLL EPPflSS 

=3244 NHOV EPPSH^R 

052FBS21 =32574 NOV RLiEPPSH 

0531 fll =32584 NOV @RtR 

0532 F 4O0 =3262 Cfia E^TnSS 

=3263 NNOV EPR0.R 

0534 8923 =32764 NOV Rl.iEPR0 

0536 fll =32774 NOV 0Rl.fl 

0537 D88B =3281 NOV R0. iL0M(0VlBflS40VSIZE) 

0539 746fl =3282 CflLL OVLORD 

=3283 NNOV R,EPPSH 

053BB921 =32924 NOV RLiEPPSH 

053DF1 =32934 NOV R.0R1 

053E 07 =3297 DEC fl 

053F 5307 =3298 RNL JLWTH 
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LOC OBJ 


LINE 


SOURCE STRTEIINT 


0541 E7 

=3299 

RL 

R 

0542 0308 

=3300 

ROD 

R.i08H 


=3301 

mov 

SHRLO.R 

0544 B930 

=3314+ 

MOV 

R1.0SNRLO 

0546 ai 

=3315+ 

NOV 

0RLR 

0547 r4B7 

=3319 

COLL 

EPFET 

0549 03FE 

=3320 

ROD 

R,#-2 

054B m 

=3321 

NOV 

LDRTFIR 


=3322 

NNOV 

EPPCLOiR 

054C 8924 

=3335* 

NOV 

RLIEPPCLO 

054E 81 

=3336+ 

NOV 

0RtR 

054E F4C3 

=3340 

CRLL 

EPSTOR 

0551 8930 

=3341 

NOV 

RLiSNRLO 

0553 11 

=3342 

INC 

0R1 

0554 F4B7 

=3343 

cfla 

EPFET 

0556 FIR 

=3344 

NOV 

LDRTflfl 

0557 53F0 

=3345 

RNL 

fl *111100008 

0559 2R 

=3346 


FLLDRTR 

055fl 13FF 

=3347 

RDDC 

R,#-l 

055C 530F 

=3348 

RM. 

R. 1000011118 


=3349 

NNOV 

EPPCHLR 

055E 8925 

=3362+ 

NOV 

RMEPPCHI 

0560 R1 

=3363+ 

NOV 

0RLR 

0561 4R 

=3367 

ORL 

FLLDRTR 

0562 RR 

=3368 

NOV 

LDRTRiR 

0563 F4C3 

=3369 

CRU 

EPSTOR 

0565 8825 

=3370 

NOV 

R0.*EPPCHI 

0567 347C 

=3371 

CRLL 

UPDRDl 

0569 2340 

=3372 

NOV 

FL *010000008 ;FOR DISPLRV 

0568 IMD8 

=3373 

Cfla 

HDISP 

856D 8820 

=3374 

NOV 

R8.*EPRCC 

056F 3490 

=3375 

cfia 

DSPHID 

0571 83 

=3376 

RET 



=3377 

SI2ECNK 

0072 

=3380+ SIZE 

SET 

114 


=3381+; 




=3382+; 




=3391 $EJECT 
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.ro.mt-CL rM// 


eeeo 

=3393 OHRROR 

EQU 

0DH 

;<CR> 

Ovon 

=3394 OHRRLF 

EQU 

00K 

iOD 

eein 

=3395 CMTRLZ 

EQU 

10H 

;CONTROL-Z 


=3396 ; 





=3397 

C00E8LK 80 


8297 

=3412+ 

ORG 

663 



=3416 ;»W:CIN HEXFILE RECORD INPUT ROUTINE 

0297 34CD 

=3417 HRECIN: 

CRLL 

CHHRIN 


0299 D21fl 

=3418 

XRL 

fliCNTRLZ 


029B ca;0 

=3419 

JZ 

DONE 


029D D3ia 

=3420 

XRL 

HICNTRLZ 


02SF D33fl 

=3421 

XRL 

0,!(':') 


02fll 9697 

=3422 

JNZ 

HRECIN 



=3423 

MHOV 

CHKSUN^ZERO 


02R3 GD0e 

=3428+ 

NOV 

CHKSUrLiZERO 


0205 14F0 

=3432 

C0LL 

BVTEIN 



=3433 

NNOV 

BUFCNT,n 


02r{7 C941 

=3446+ 

NOV 

Rl,i6UFCNT 


0209 01 

=3447+ 

NOV 

0R1.0 


0200 14f0 

=3451 

CHLL 

BVTEIN 



=3452 

NNOV 

SNRHLH 


020C B931 

=3465+ 

NOV 

Kl,iSN0HI 


020E 01 

=3466+ 

NOV 

0R1.0 


020F 14F0 

=3470 

CflLL 

BVTEIN 



=3471 

NNOV 

SNRLO^H 


02B1 B930 

=3484+ 

NOV 

RLiSNRLO 


02B3 HI 

=3485+ 

NOV 

0RL0 


02B4 14F0 

=3489 

CHLL 

BVTEIN 



=3490 

NNOV 

RCCTVP,0 


02B6 B942 

=3503+ 

NOV 

RLiREClVP 


0288 01 

=3504+ 

NOV 

0RL0 



=3508 ; 





=3509 ilDHTIN 

HEX D0TR BYTE IN 



=3510 HO0TIN: 

NNOV 

fl^BUFCNT 


0289 8941 

=3519+ 

NOV 

Rl,i8UF0NT 


0288 FI 

=3520+ 

NOV 

0.0R1 


0280 0600 

=3524 

JZ 

RECOON 


028E 14F0 

=3525 

CHLL 

BVTEIN 


0200 00 

=3526 

NOV 

LOHTflR 


0201 r400 

=3527 

au 

LSTORE 


0203 34F2 

=3528 

CHLL 

INOSH0 



=3529 

NDEC 

BUFCNT 


0205 8941 

=3534+ 

NOV 

Rl,iBUFCNT 


0207 FI 

=3535+ 

NOV 

R.0R1 


0208 07 

=3539+ 

DEC 

0 


0209 01 

=3544+ 

NOV 

0RL0 


0200 4489 

=3547 

JFf> 

HO0TIN 



=3548 J 




0200 3400 

=3543 RECOON: 

CJU 

CHRRIN 


02CE 0331- 

=3550 

XRL 

0, #<'?') 


0200 0608 

=3551 

JZ 

CKSNOK 


8202 033F 

=3552 

XRL 

fl #('?') 

; SNITCH BOCK TO O0T0 CHflRHCTER 

0204 3460 

=3553 

CHLL 

NI8IN2 

jJOIN SUBROUIINE 0LRE0DS' IN PROGRESS 

0206 14F2 

=3554 

C0a 

BSTEIl 

;oino 
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LOG OBJ 


LINE 


SOURCE STfiTEHENT 


02D8 FD 
02D9 96E1 

02DB B942 
82DD FI 
02OE C697 


02E0 83 


02E1 Bn0C 
02E3 249R 


0108 34CD 
01BR 03C6 

016C E6C2 
01BE 03F9 
01C0 E6C9 


=3555 

=3556 

=3557 

=3573+ 

=3577 

=3578 CKSWOK: 
=3587+ 

=3588+ 

=3592 
=3593 i 
=3594 jOONE 
=3595 DONE: 
=3596 i 
=3597 iCHKERR 
=3598 CHKERR: 
=3599 
=3600 

=3603+ SIZE 
=3604+; 

=3605+; ♦♦♦♦♦« 
=3614 ; 

=3615 

=3620+ 


; (RESULT FOR NON**'?' CHfiRflCTERS IS ftS IF 
; BVTEIN HflS CflLLD.) 


HHOV fl.CNKSUH 

NOV aCHKSUH 

JNZ CHKERR 

NMOV HRECTVP 

NOV Rl,iRECT^'P 

NOV n>0Rl 

J2 HRECIN 

HEX FILE CORRECTLY RECEIVED 
RET 

CHECKSUN ERROR IN INPUT RECORD DETECTED 

NOV LDflTfi,l0CH 

JNP PLRROR 

SIZEDK 

SET 78 


CODEBLK 12 
ORG 240 


=3624 ;BVTEIN BYTE INPUT SUBROUTINE. 


RECEIVES TUO HEXIDECINRL CHRRHCTERS FROH THE TfiPE INPUT DEVICE 
RND flSSENBLES THEN INTO fl SINGLE BYTE OF DRTR 


0eF0 3468 

=3627 BSIEIN: CRLL 

NIBIN 

00F2 47 

=3628 BYTEIl: SHRP 

R 

0eF3 RR 

=3629 

NOV 

LDRTFLR 

00F4 3468 

=3630 

CRLL 

NIBIN 


=3631 

NORL 

LDRTfLR 

06F6 4R 

=3648+ 

ORL 

R.LDRTR 

00F7 RR 

=3660+ 

NOV 

LDRTflR 

00F8 6D 

=3664 

ROD 

flDftCSUN 

00F9 RD 

=3665 

NOV 

CHKSUTLR 

00FR FR 

=3666 

NOV 

RiLDRTR 

00FB 83 

=3667 

=3668 

RET 

SIZECHK 



=3671+ SIZE 
=3672+; 
=3673+; ♦♦♦♦♦♦ 
=3682 ; 

=3683 

=3693+ 

=3697 ;NIBIN 
=3698 ; 

=3699 NIBIN: 
=3700 NIBIN2: 
=3701 


CODEBLK 25 
ORG 440 

RECEIVES H HEXIDECINRL CHRRRCTER RND PRODUCES R NRSKED FOUR BIT VRLUE. 
NOTE- ERROR aCCKING DONE TO VERIFY HEXIDECINRL VRLIDITY 


CRLL 

CHRRIN 


RDD 

fl#“3flH 

;RCC=«F6-0FF FOR PWCTERS '0'-'9' 
;CHflRRCTERS > '9' PRODUCE OVERaON 

JNC 

NIBI3 


RDD 

fli#-7 

;RCC=fiF5 FOR CHHRRCTERS 'R'-'F' 

JNC 

RSCERR 

; ERROR IF CHRRRCTER BEITEEN 'S' RND ^R 


RCC=8F6I{-85H FOR CHRRflCTERS 'B'-'F' 
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LOG OBJ 

LINE SOURCE STftTEMENT 


01C2 03Ffl 

=3708 NIBI3: 

m R/*-6 

;ftCC=0FeH-*0FFH TOR CHflRflCTERS '0'-T' 

81C4 8316 

=3709 

ODD AiilBH 

;flCC=80H~0FH FOR CHflRflCTERS '0'-'F'; 


=3710 


;OVERFLOH IF ABOVE IS TRUE. 

61C6 E6C9 

=37U 

JNC flSCERR 


81C8 83 

=3712 

RET 



=3713 ; 




=3714 iftSCERR 

ILLEGflL HEXIDECINRL 

CHARACTER RECEIVED 

01C9 ElA8fl 

=3715 flSCERR: 

NOV LDflTfl.ft0flH 


01CD 24SR 

=3716 

JNP PERROR 



=3717 

SIZECHK 


0015 

=37204 SIZE 

SET 21 



=372H. 

= 37224 . 



=3731 . 




=3732 i 




=3733 


CODEBLK 5 

01CD 

=37434 


ORG 461 


=3747 ;CHflRIN 

CHflRflCTER INPUl ROUTINE. 


=3748 . 


RECEIVES ONE ASCII CHflRflCTER FROM 1HE L06ICRL READER DEVICE. 

01CD D449 

=3749 CKflRIN: 

CflLL CIN 

01CF 537F 

=3750 


ANL n#7FK 

01D1 83 

=3751 


RET 


=3752 


SIZECHK 

0005 

=37554 

SIZE 

SET 5 


=37564 

=37574 

i 



=3766 ; 

=3767 ; 

=3768 lEJECT 
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LX OBJ LINE SOURCE STATEMENT 

=3769 COOEBLK 188 


8672 

=3794^ 

ORG 

1394 


=3798 iHFILEO HEX FILE XTPUT SUBROUTINE 


=3799 ; 

MEN CALLED NITH F8=8 OUTPUT IS STANDARD HEX FILE FORMAT. 


=3888 ; 

HHEN CALLED WITH F»=l OUIHJT IS FORMATTED DATA DUMP TO CRT. 


=3881 HFILEO; 

MMOV 

MEMHLSMAHI 

8672 B931 

=3017+ 

MOV 

RLiSMAHI 

8574 FI 

=3818+ 

MOV 

fim 

8575 B935 

=3024+ 

MOV 

RLWCMHI 

8577 A1 

=3825+ 

MOV 

8RLA 


=3820 

MMOV 

MEMLO>SMALO 

8670 8938 

=3844+ 

MOV 

RtiSMALO 

857R FI 

=3845+ 

MOV 

A18RI 

8578 8934 

=3851+ 

MOV 

RlittCMLO 

867D A1 

=3852+ 

MOV 

8R1.A 


=3865 

MMOV 

CHKSURZERO 

857E BD88 

=3868+ 

MOV 

CHKSURiZERO 

8508 8865 

=3864 

MOV 

R8.iHEX8UF 


=3865 ; 




=3866 iLOBSTE LOflO NEXT 8VTE FROM HEMORS* INTO HEX BUFFER 

8582 14FC 

=3867 LDBVTE: 

CALL 

LFETCH 

8584 FR 

=3868 

MOV 

fLLOATA 

8585 R8 

=3869 

MOV 

8R8.A 

8586 18 

=3878 

INC 

R8 

8587 84E2 

=3871 

CALL 

CMPMAS 

8589 E696 

=3872 

JNC 

ENOFIL 

8588 34F2 

=3873 

CAU 

INCSMA 

850D F8 

=3874 

MOV 

flR0 

8588 8388 

=3875 

ADO 

fl#-(BUFLfcN+®®UF) 

8598 E682 

=3876 

JNC 

LDBVTE 

8592 0488 

=3877 

CALL 

HRECO 

8594 R472 

=3878 

JMP 

HFILEO 


=3879 i 




=3888 ;ENDFIL END HEX FILE TRANSMISSION; 


=3881 ; 

PRINT OUT BUFFER FOR LAST DATA RECORD 


=3882 ; 

PRINT OUT CANNED 'END-OT-FILE' RECORD 


=3803 ; 

RETURR 


8596 0488 

=3884 ENOFIL: 

CALL 

HRECO 

8598 86R7 

=3885 

JF0 

HFDONE 

859R 3402 

=3886 

CALL 

TCRLFO 

859C B8nE 

=3887 

NOV 

R8.i(L0U EOFREC) 

869E F8 

=3888 ENDFl: 

MOV 

nR8 

859F 03 

=3889 

NOVP 


85R8 C6R7 

=3898 

JZ 

HFDONE 

85R2 8460 

=3891 

CALL 

CtDRO 

85R4 18 

=3892 

INC 

R8 

85R5 R49E 

=3893 

JMP 

LNDFl 

85A7 3402 

=3894 HFDONE: 

CALL 

TCRLFO 

85A9 231R 

=3895 

MOV 

FLKNTRLZ 

85RB 8480 

=3896 

CALL 

CHARO 

8500 83 

=3897 

RET 



=3898 ; 




=3099 iEOFREC CHARACTER SRTING FOR CAMEO END-OF>FIL£ RECORD FOR 


=3988 ; 

INTa HEX FILE FORMAT STANDARD. 

850E 28303838 

=3981 EOFREC 

06 

^ :866888eiFF^ 
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;END OF STRING CODE BVTt 



0680 

=3949+ 

ORG 

1536 


=3953 ;HREC0 

HEXIOECINRL RECORD OUTPUT SEQUENCE. 


=3954 ; 

HEX 8UFFER RLRE80S' LORDED. 

8600 F8 

=3955 HRECO: 

NOV 

R.R0 

0601 039B 

=3956 

800 

R.#4IEXBUF 


=3957 

HNOV 

BUFCNLfl 

0603 B941 

=3970+ 

NOV 

RLI8UFCNT 

0605 R1 

=397H 

NOV 

0R1.R 

0606 3402 

=3975 

CRLL 

TCRLFO 

0608 2320 

=3976 

NOV 

fl#' ' 

0608 B4BD 

=3977 

C8a 

CHRRO 

060C 8617 

=3978 

JF0 

FOUHPl 

06OE 2338 

=3979 

NOV 

8,#':' 

0610 8480 

=3980 

CRLL 

CHRRO 


=3981 

NNOV 

fl,BUFCNT 

0612 8941 

=3990+ 

NOV 

RLiBUFCNT 

0614 FI 

=3991+ 

NOV 

flQRl 

0615 340C 

=3995 

CRLL 

BVTEO 


=3996 FOlflPl: 

NNOV 

flNETfll 

0617 8935 

=4005+ 

NOV 

RLfNENHI 

0619 FI 

=4006+ 

NOV 

fhm 

0618 3408 

=4010 

CRLL 

BSTEO 


=4011 

NNOV 

FINENLO 

061C 8934 

=4020+ 

NOV 

RLiNEHO 

061E FI 

=4021+ 

NOV 

R/0R1 

061F 3408 

=4825 

CRLL 

8VTE0 

0621 8628 

=4026 

JF0 

FDUHP2 

0623 27 

=4027 

CLR 

R 

0624 3408 

=4028 

CRLL 

8VTE0 

0626 C42C 

=4029 

JNP 

DOTO 

0628 2330 

=4030 FDUHP2: 

NOV 

Ri#'=' 

0628 8480 

=4031 

CRLL 

CHRRO 


=4032 ;08TO 

DRTR OUTPUT 

062C 8865 

=4033 08T0; 

NOV 

R8.itEXBUF 

062E 8632 

=4034 D8T01; 

JF0 

FDUHP5 

0630 C436 

=4035 

JNP 

F0UHP3 

0632 2320 

=4036 F0UNP5: 

NOV 

fir ' 

0634 8480 

=4037 

CRLL 

CHRRO 

0636 F0 

=4038 FDUriP3: 

NOV 

R.0R0 

0637 3408 

=4039 

CflL 

8VTE0 

0639 18 

"■ffrfO 

INC 

R0 


=4041 

NOJNZ 

8UrCNT.08T01 

0638 8941 

=4046+ 

NOV 

RLIBUFCm 

063C FI 

=4047+ 

NOV 

flQRl 

0630 07 

=4051+ 

DEC 

R 
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La OBJ LINE SOURCE SIftTEMENT 


063E R1 

=4056+ 

NOV 

0RLA 

063F 962E 

=4060+ 

JNZ 

OATOl 


=4062 i 




=4063 ;EN0REC 

ENO RECORO BEING TRflNSHITTED 

0641 B648 

=4064 ENOREC: 

JF0 

FDUNP4 


=4065 

NNOV 

flCHKSUH 

0643 FD 

=4081+ 

NOV 

A.CHKSUN 

0644 37 

=4085 

CPL 

A 

0645 17 

=4086 

INC 

A 

0646 340B 

=4087 

COLL 

BVTEO 

0648 83 

=4088 FDUHP4: 

RET 



=4083 

SIZECNK 


004S 

=4092+ SIZE 

St7 73 


=4093+; 








=4103 ; 




=4104 

COOEBLK 9 

01D2 

=4114+ 

ORG 

466 


=4118 ;TCRLF0 

TAPE <CRXLD OUTPUT 

01D2 230D 

=4119 TCRLTO: 

NOV 

fLiaiARCR 

01M 0480 

=4120 

CALL 

CHARO 

01D6 230R 

=4ia 

NOV 

A^iCHARLF 

0108 B4B0 

=4122 

CALL 

CHARO 

01OR 83 

=4123 

RET 



=4124 

SIZECHK 


0008 

=41274 SIZE 

SET 9 



=41284; 

^ii40Q,L* 




— 




=4138 ; 




=4139 

COOEBLK 11 

01DB 

=4149+ 

ORG 

475 


=4153 ;BS*TE0 

BYTE OUTPUT 

01OB HR 

=4154 OSTEO: 

NOV 

LOATA^A 

0ia 60 

=4155 

AOO 

A,CHKSUn 

0100 80 

=4156 

NOV 

CHKSUNA 

01OE Ffl 

=4157 

NOV 

A.LDATA 

01OF 47 

=4158 

SNAP 

A 

01E0 0408 

=4159 

CALL 

NIOO 

01E2 Ffi 

=4160 

NOV 

A.LOATA 

01E3 0488 

=4161 

CALL 

NIBO 

01E5 83 

=4162 

RET 



=4163 

SIZECHK 


QAAn 

UOOO 

=4166+ SIZE 

SET 11 


=4167+; 

—ji4/rox. ******1 




=4177 ; 




=4178 

COOEBLK 12 

01E6 

=4188+ 

ORG 

486 


=4192 ;HEXRSC 

HEXIDECINAL NIBBLE TO ASCII CHARACTER CONVERSION 

01E6 530F 

=4193 l€XRSC: 

ANL 

Fli8FH 

01E8 03F6 

=4194 

AOO 

fl#<-10) 

01ER F6EF 

=4195 

JC 

HEXNIO 

01LC 033R 

=4196 

AOO 

A,t<10^'0') 

01EE 83 

=4197 

RET 


01EF 0341 

=4198 HEXNIO: 

AOO 

A;#<'A') 
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SOURCE STRTEHENT 


LOC OBJ LINE 

01F1 82 =4199 RET 

=4200 SIZEDK 

000C =4202^ SIZE SET 12 

=4204+; 

=4214 ; 

=4215 ; 

=4a6 DECLRRE BITSO.CONSl 

000B =4220 BITSO EQU 11 ;DRTR BITS FtlT OUT (INCLUDING TUO STOP BITS) 

=4221 ; 

=4222 COOEBLK 20 

04C9 =4252+ 0R6 1225 


=4256 ;HBDLflV HflLF-BIT Tift DELRS' 
=4257 feOLflV; NHOV H,HBITHI 


04C9 B927 

=4272+ 

NOV 

RLIHBITKI 

04CB FI 

=4274+ 

NOV 

fl0Rl 

04CC 0945 

=4280+ 

NOV 

RLiH 

04CE R1 

=4281+ 

NOV 

0RL8 


=4284 

NNOV 

R1.HBITL0 

04CF B926 

=4200+ 

NOV 

RLIHBITLO 

0401 FI 

=4201+ 

NOV 

8.0R1 

04D2 89 

=4214+ 

NOV 

KLS 

04D2 84D7 

=4217 

JNP 

HBDl 

04D5 B900 

=4218 HBD2: 

NOV 

Rl.i0 

04D7 ESD7 

=4219 KBDl: 

DJNZ 

RtHBDl 


=4220 

NDJNZ 

fLHBD2 

04D9 B945 

=4225^ 

NOV 

RtiH 

04DB FI 

=4226+ 

NOV 

8.0R1 

04(>C 07 

=4220^ 

DEC 

8 

04OD 81 

=42254 

NOV 

0R1.8 

04DE 96D5 

=4229+ 

JNZ 

HBD2 

04E0 82 

=4241 

RET 



=4242 

SIZECHK 


0018 

=4245+ SIZE 

SET 24 


=4246+; 








T/ 

=4256 ; 


11 11 


=4257 lEJECl 
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LX OBJ 

LINE 

SOURCE ST8TENENT 


=4358 

CODEBLK 40 

aSBB 

=4383+ 

ORG 

1467 


=4387 ;Niro 

mSK 8X TO NflKE HEX NIBBLE. TR8NSL8TE TO 8SC1I 8N0 OUTPUT 

85B8 34E6 

=4388 NIX: 

C8a 

HEXRX 


=4389 ; 




=4390 ;CHRR0 

CONSOLE OUTPUT SUBROUTINE 


=4391 ; 

WRITES THE CONTENTS OF TIE flCC TO THE CRT DISFLHV SCREEN 


=4392 CH8R0: 

mov 

REX. 8 

eSBD B944 

=4405+ 

NOV 

RtlREX 

eSBF ftl 

=4406+ 

NOV 

8R1.8 


=4410 

mov 

8.BITS0 ;SET NUNBER OF BITS TO BE TR8NSHITTED 

85C8 B943 

=4421+ 

NOV 

RtlB 

0X2 Biee 

=44224 

NOV 

0R1.I8HX 

05C4 97 

=4426 

CLR 

C ;CLERR CnRRS’ 

0X5 F6CB 

=4427 COl: 

JC 

C02 

05C7 99BF 

=4428 

8NL 

P1.#M0T TTVOUT 

05C9 fl4CF 

=4429 

JNP 

C03 

05CB 8940 

=4430 C02: 

ORL 

Pl.inSWT 

05CD 80 

=4431 

NOP 

;EVEN OUT TX BR8NCH EXECU110N TINES 

05CE 00 

=4432 

NOP 


05CF 94C9 

=4433 ra3; 

C8LL 

IEIDL8S' 

05D1 94C9 

=4434 

C8LL 

HBDLnV 

05D3 97 

=4435 

CLR 

C ;SET HH8T HILL EVENTU8LLV BECONE 8 STX BIT 

05D4 87 

=4436 

CPL 

C 


=4437 

NRRC 

REX ;R0T8TE CH8RXTER Rm ONE BIT. 

0505 B944 

=4442+ 

NOV 

RtlREX 

0507 FI 

=4443+ 

NOV 

8.8R1 

0508 67 

=4447^ 

RRC 

8 

0509 fd 

=4452+ 

NOV 

0Rt8 


=4455 


;S NOVING NEXT D8T8 BIT INTO C8RRV 


=4456 

NDJNZ 

B.CQ1 j CHECK IF CHRRflCTER <8ND STOP B1T(S» DONE 

05OA B943 

=44614 

NOV 

RtiB 

05X FI 

=4462+ 

NOV 

8.8R1 

0500 07 

=4466+ 

DEC 

8 

05DE 81 

=4471+ 

NOV 

0Rt8 

05DF 9X5 

=4475+ 

JNZ 

COl 

05E1 83 

=4477 

RET 



=4478 

SI2ECHK 

0027 

=4481+ SIZE 

SET 

39 


=4482+; 








=4492 ; 




=4493 

CODEBLK 47 

0649 

=4523+ 

ORG 

1609 


=4527 ;CIN 

CONSOL INPUT SUBROUTINE WITS FOR H KEYSTROKE HND 


=4528 ; 

RETURNS HITH 8 BITS IN REG HCC. 

0649 8943 

=4529 CIN: 

NOV 

RtIB 

0648 8108 

=4530 

NOV 

8Rl>tG ;CiRTfl BITS TO BE RERD 

0640 4640 

=4531 CI0: 

JNTl 

CI0 

064F 4640 

=4532 

JNTl 

CI0 

0651 5651 

=4533 CIl: 

JTl 

CIl 

0653 5651 

=4534 

JTl 

Cll 

0655 94C9 

=4535 

C8LL 

HGDL8S' 

0657 5651 

=4536 

JTl 

CIl 

0659 94C9 

=4537 CI2: 

cnLL 

XDL8V 
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065F 97 

=4540 

CLR 

C ;0flTFI BIT IN CH' 

8660 C465 

=4541 

JMP 

CI4 

0662 9? 

=4542 CI3: 

CLR 

C 

0662 R7 

=4543 

CPL 

C 

0664 00 

=4544 

MOP 

;EVEN OUT 8RflNCH EXECUIION TINES 

0665 00 

=4545 CI4: 

NOP 


0666 00 

=4546 

NOP 


866? 00 

=4547 

NOP 



=4548 

NRRC 

REGC 

0668 B944 

=4553+ 

NOV 

RtlREGC 

066 A n 

=4554+ 

NOV 


066B 67 

=4558+ 

RRC 

R 

066C R1 

=4563+ 

NOV 

0RLR 


=4566 

NDJKZ 

8.CI2 

066D 8943 

=4571+ 

NOV 

RLIB 

066F HI 

=4572+ 

NOV 

R.0R1 

0670 07 

=4576+ 

DEC 

R 

0671 R1 

=4581+ 

NOV 

0R1.R 

0672 9659 

=4585+ 

JNZ 

CI2 


=4587 

NNOV 

HREGC 

0674 8944 

=4596+ 

NOV 

RliiREGC 

0676 FI 

=4597+ 

NOV 

Ri0Rl 

0677 83 

=4601 

RET 

iCHRRRCTER COHPLEIE 


=4602 

SI2ECHK 

002r 

=4605+ SIZE 
=4606+; 
=4607^;♦♦♦♦« 
=4616 lEJECT 

SET 

47 





All mnemonics copyrighted © Intel Corporation 1976. 


5-66 




SOURCE SinTDCNT 


LOC OBJ 


82E5 


e2Eb B934 
02E7 FI 
02E8 RR 
82E9 F40e 
82EB B4E2 
82ED E6F2 
02EF 34F2 
82F1 44E9 
02F3 83 

eeeF 


dOFC 


OOFC 0478 
eerE rr 
00FF 83 

WVt 


0678 


0678 B937 
067fl FI 
067B 037E 
0670 B3 

067E 84 
067F 98 
0680 9C 
0681 R9 
0682 81 
0683 B1 


0684 8931 
0686 FI 
0687 9698 


LINE 

461? t INCLUDe(:F0:NENREF. NOD) 

=4618 COOEBLK 15 

=46334 0R6 741 

=4637 iCONFIL COHHRND TO FILL RDORESS SPRCE 80REEN SNR RNO ENR HIl-K ORTR 
=4638 ; IN LOH BVTE OF NEN. 

=4639 C»riL: HNOV LDRTflHENLO 


=4655^ 

NOV 

RLiNENLO 

=46564 

NOV 

R/0R1 

=46694 

NOV 

LDR1R.R 

=4672 LFILL: 

CRLL 

LSTORE 

=4673 

CRLL 

CNFtns 

=4674 

JNC 

LFILLl 

=4675 

CRLL 

INCSNR 

=4676 

JNP 

LFILL 

=4677 LFIlll: 

RET 


=4678 

SIZECHK 


=46814 SIZE 

SCT 15 

=46824; 






=4692 ; 



=4693 

COOEBLK 4 

=46984 

ORG 

252 

=4702 ;1J-ETCU 

FETOCS CONTENTS OF LOGICRL NEHORS' RDORESS OETERHINED 

=4703 ; 

<TVPD,<SNRHI>, 4 GHflLO> INTO <LDRTfl>. 

=4704 LFETCH; 

CRLL 

RFETCH 

=4705 

NOV 

LORTR^R 

=4706 

RET 


=4707 

SIZECHK 


=47104 SIZE 

SET 4 


=471H; 






=4721 ; 



=4722 

COOEBLK 75 

=47524 

ORG 

1656 

=4756 ; 



=4757 ;RFETCH 

LOGICRL FETai SUBROUTINE 

=4758 ; 

FETCHS CONTENTS OF VRRIOUS NEHORV SPRCES TO fiCC. 

=4759 RFETCH: 

HNOV 

flTSTC 

=47684 

NOV 

RLITW 

=47694 

NOV 

n0Rl 

=4773 

ROD 

R.«LOU LFETBL 

=4774 

JNPP 

0R 

=4775 ; 



=4776 LFETBL: 

06 

LOH LFEFtI 

=4777 

06 

LOU LFEDN 

=4778 

06 

LOU LFEREG 

=4779 

06 

LOU LFEINT 

=4780 

06 

LOU LFEBRK 

=4781 

OB 

LOU LFEBRK 

=4782 ; 



=4783 LFEPH: 

NNOV 

flSNRHI 

=47924 

NOV 

RLiSNRHI 

=47934 

NOV 

R.0R1 

=4797 

JNZ 

LFEDN 

=4798 

NNOV 

R.SNRLO 
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LOC OBJ 

LINE 

SOURCE STflTEICNT 

0689 B930 

=4887+ 

NOV 

RttSHRLO 

068G FI 

=4888+ 

HOV 

fl0Rl 

868C e3E9 

=4812 

noD 

R,i-OVSIZE 

068E F698 

=4813 

JC 

LFEDH 


=4814 

mov 

FISHRLO 

0690 B930 

=4823+ 

MOV 

RLiSHRLO 

0692 FI 

=4824+ 

HOV 

dm 

0693 034E 

=4828 

aoD 

fliWVBUF 

0695 n9 

=4829 

HOV 

RLR 

0696 FI 

=4830 

HOV 

fl0Rl 

0697 83 

=4831 

RET 


0698 94E1 

=4832 LFEDN: 

C6LL 

LPGSEL 

069R 81 

=4833 

HOVX 

fl0Rl 

0696 83 

=4834 
=4835 ; 

RET 



=4836 LFEREC; 

HHOV 

RiSHRLO 

069C 8938 

=4845+ 

HOV 

RLISHRLO 

069t FI 

=4846+ 

HOV 

fl0Rl 

069F 537F 

=4850 

PNL 

fliOllUlllB ; CHECK IF LOU 7 BITS =0 

0681 C685 

=4851 

J2 

LFER0 

0683 £467 

=4852 
=4853 i 

JHP 

EPFET 


=4854 LFER0: 

HHOV 

RiEPR0 

0685 8923 

=4863+ 

HOV 

RLiEPR0 

0687 FI 

=4864+ 

HOV 

fl0Rl 

0688 83 

=4868 
=4869 ; 

RET 



=4870 LFEINT 

; mov 

R.SHRLO 

0689 8930 

=4879+ 

HOV 

RLiSHRLO 

0686 FI 

=4880+ 

HOV 

dm 

068C 0320 

=4884 

ROD 

filEPRCC 

06nE 89 

=4885 

HOV 

RLR 

068F FI 

=4886 

HOV 

Ri0Rl 

0688 83 

=4887 
=4888 ; 

RET 



=4889 ;LFEBRK L0GIC6L FETOI OF BREFK-POINT DAT8 

0681 94E1 

=4890 LFEERK; 

: Cni-L 

LPGSEL 

0683 99F7 

=4891 

RNL 

PtiUOT 00001000G 

8665 8908 

=4892 

ORL 

n. 1000010006 

0687 99FD 

=4893 

RNL 

PL4N0T 000000106 

0669 8901 

=4894 

ORL 

Pl> 1000000018 

0666 81 

=4895 

HOVX 

n0Rl 

066C 2301 

=4896 

HOV 

Rii01H 

06BE 86C1 

=4897 

JNI 

LFEBRl 

06C0 27 

=4898 

aR 

R 

06C1 83 

=4899 LFEBRl; 
=4900 

RET 

SIZECHK 


0048 

=4903+ SIZE 

=4904+; 

=4905+;****« 

SET 74 


=4914 lEJECT 
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SOURCE STflTEMEHT 


LOC OBJ 


0706 


0700 B927 
0702 FI 
0703 0306 
0705 63 


0706 0C 
0707 a 
0708 26 
0709 34 
070H 3D 
070G 3D 


070C B931 
070E FI 
070F 9621 

0711 B930 
0713 FI 
0714 03E9 
0716 F621 

0718 B930 
071R FI 
0718 034E 
071D R9 
071E Ffl 
071F R1 
0720 83 

0721 94E1 
0723 Fft 
0724 91 
0725 83 


0726 8930 
0728 FI 
0729 537F 
0728 C62F 
072D E4C3 


072F Ffl 
0730 8923 
0732 fll 
0733 83 


LINE 

=4915 CODCBLK 85 

=49504 ORG 1792 

=4954 i 

=4955 ;LSTORE LOGICflL STORE SUBROUTINE 

=4956 ; STORES CONTENTS OF LDfITfl INTO VflRIOUS ICWQRS' SPflCES. 


=4957 LSTORE: 

Hnov 

A>TVPE 

=4966+ 

MOV 

RL#TVPE 

=4967+ 

MOV 

A.0R1 

=4971 

ADD 

aiLOU LSTTBL 

=4972 

JHPP 

0n 

=4973 i 
=4974 LSTTBL: 

D0 

LOU LSTPM 

=4975 

D8 

LOU LSTDM 

=4976 

D6 

LOU LSTREG 

=4977 

D6 

LOULSTIN1 

=4978 

D6 

LOU LSTBRK 

=4979 

DB 

LOU LSTBRK 

=4980 ; 

=4981 LSTPH: 

HMOV 

fLSHAHI 

=49904 

MOV 

RLiSHflHI 

=4991+ 

MOV 

A.0R1 

=4995 

JNZ 

LSTDM 

=4996 

MMOV 

flSMALO 

=5005+ 

MOV 

RLtSHALO 

=5006+ 

MOV 

fl>0Rl 

=5010 

ADD 

flii-OVSIZE 

=50U 

JC 

LSTDM 

=5012 

MMOV 

nSHRLO 

=5021+ 

MOV 

RliiSMRLO 

=5022+ 

MOV 

fl0Rl 

=5026 

ADD 

ftfOVBUF 

=5027 

MOV 

RLA 

=5028 

MOV 

flLDATA 

=5029 

MOV 

BRLA 

=5030 

RET 


=5031 ; 

=5032 LSTDH: 

CflLL 

LPGSa 

=5033 

MOV 

flLDATfl 

=5034 

MOVX 

0RLfl 

=5035 

RET 


=5036 j 
=5037 LSTREG: 

MMOV 

USMALO 

=5046+ 

MOV 

RtfSNALO 

=5047+ 

MOV 

fl,0Rl 

=5051 

AM. 

fl,i01111111B ;CHECK IF LOU ORDER BITS = 0 

=5052 

JZ 

LSTR0 

=5053 

JMP 

EPSTOR 

=5064 ; 

=5055 LSTR0: 

MMOV 

EPR0.LDflTA 

=50784 

MOV 

flLDATfl 


MOV 

RLIEPRB 

=5085+ 

MOV 

0RLfl 

=5088 

RET 


=5089 ; 

=5090 LSTINT: 

MMOV 

flSHRLO 
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ofio ri =5100+ MOV Ft0Rl 

0737 0320 =5104 ADD fllEPflCC 

0739 fl9 =5105 HOV RLfi 

073fiFR =5106 nOV flLDflTfi 

073Bfll =5107 nOV 0RLfi 

073C 83 =5108 RET 

=5109 ; 

=5110 ;LSTBRK LOGICAL STORE OF BREAK-POINT DATA 
0730 94E1 =5U1 LSTBRK: CALL LPGSEL 

073FFA =5112 HOV fLLDATA 

0740 1246 =5113 JB0 LSTBRl 

0742 8901 =5U4 ORL PI. #000000016 

0744 E448 =5115 JMP LSTBR2 

0746 99FE =5116 LSTBRl; ANL Pl.iNOr 000000016 

0748 99F7 =5117 LSTBR2: ANL Pl.iNOT 00001000B 

074A81 =5118 HOVX A.0R1 

0748 8908 =5119 ORL PL #000010006 

0740 83 =5120 RET 

=5121 SIZECHK 

004E =5124+ SIZE SET 78 

=5125+; 

=5126+;*<*» m:*****M'**4^***ww**»»» » * »»»w ^ 

=5135 ; 

=5136 COOEBLK 17 

04E1 =5156+ ORG 1249 

=5160 ;LPGSa LOGICAL PAGE SELECT. 

=5161 ; SETS UP PORT 2 TO ADDRESS APPROPRIATE BVTE OF RAH BLOCK. 

=5162 LPGSa : HHOV A.TVPE 
04E1B937 =5171+ HOV RL#TS'PE 

04B FI =5172+ HOV flBRl 

04E4 5301 =5176 ANL fl #880000016 ;HRSK OFT DATA TVT'E SELECTOR BIT 

04E6 47 =5177 SNAP A 

=5178 NORL flSHAHI 

04E7B931 =5184+ HOV RL#SHAHI 

04E9 41 =5185+ ORL flBRl 

04EH 4340 =5189 ORL A. #010000086 

04EC 3A =5190 OUTL P2.A 

=5191 HHOV A.SHALO 

04EO 6930 =5200+ NOV RL#SHRLO 

04EF FI =5201+ HOV A.0R1 

04r0R9 =5205 HOV RLA 

04F1 83 =5206 RET 

=5207 SIZECHK 

0011 =5210+ SIZE SET 17 

=5211+; 

=5212+; 

=5221 ; 

=5222 REJECT 
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LOC OBJ LINE SOURCE STRTEICNT 



=5223 

CODEBLK 11 

B1F2 

=5233+ 

ORG 

498 


=5237 ; INCSNR INCROCNT STRRTINQ NENORS' RDDRESS HORD. 

aiF2 B938 

=5238 INCSHR: 

NOV 

RLiSHRLO 

01F4 11 

=5239 INCH: 

INC 

0R1 

01F5 FI 

=5240 

NOV 

Ri0Rl 

01F6 96FC 

=5241 

JNZ 

INCHl 

eiF8 19 

=5242 

INC 

R1 

01F9 FI 

=5243 

NOV 

fl0Rl 

eiFfl 17 

=5244 

INC 

n 

01FB 31 

=5245 

XCHD 

Ri0Rl 

01FC 83 

=5246 INCHl: 

RET 



=5247 

SIZECHK 

QAAn 

=5250+ SIZE 
=5251+i 

SET 

11 






=5261 ; 




=5262 

CODEBLK 12 

e2F4 

=52774 

ORG 

756 


=5281 ;DECSNfl 

DECREHENT SNR HORD. 

e2F4 8930 

=5282 DECSNR; 

NOV 

RttSNRLO 

02F6 FI 

=5283 

NOV 

fL0Rl 

02F7 87 

=5284 

DEC 

R 

02F8 21 

=5285 

XCtl 

fl0Rl 

02F9 96FF 

=5286 

JNZ 

DECSNl 

02rB 19 

=5287 

INC 

R1 

02FC FI 

=5288 

NOV 

FL0R1 

02FD 07 

=5289 

DEC 

R 

02FE 31 

=5290 

XOD 

iim 

02FF 83 

=5291 OECSm: 

RET 



=5292 

SIZECHK 


=52954 SIZE 
=5296+; 
=52S7 +;****** 

SET 

12 


05E2 


e5E2 B93e 
05E4 FI 
e5E5 37 

e5E6 B932 
85E8 61 

eSES B931 
85CB FI 
eSEC 37 


=5306 



=5307 

CODEBLK 15 

=5332+ 

ORG 

1506 

=5336 

CNPNRS CONPRRE NEHORV RDDRESSES 

=5337 

CONPflRE SNR BVTES HITH ENR BVTES TO DETERNINE RELRTIVE NRGNITUDE. 

=5338 

RETURNS HITH CHRRV=1 IFF <SNR> >= <EHR>. 

=5339 

IS CRLLED RFTER RCTION HRS BEEN PERFORNED ON GHR> TO DETERNINE IF 

=5340 

TRSK IS COHPLETED: 

=5341 

IF CV=8 THEN <SHR> >= <EHR> => lERNINRTE TRSK. 

=5342 

IF CV=1 THEN <SHR> < <ENR> => INC SNR RND REPCRT. 

=5343 CNPHflS: NHOV 

R.SNRLO 

=5352+ 

NOV 

RLiSNRLO 

=5353+ 

NOV 

fl0Rl 

=5357 

CPL 

R 

=5358 

NRDD 

fLENRLO 

=5364+ 

NOV 

RtlENRLO 

=5365+ 

RDD 

flBRl 

=5369 

NNOV 

flSHRHI 

=5378+ 

NOV 

RLiSNRHI 

=5379+ 

NOV 

fi0Rl 

=5383 

CPL 

R 
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SOURCE STRIEHEHT 


LOC OBJ 


eSED BS33 
85EF 71 
eSFO 83 

eeeF 


LINE 

=5384 NRDDC dENRHI 

=5398^ NOV RLtENRKI 

=53914 aooc n,8Rl 

=5395 CNPRET: RET 
=5396 SIZECHK 

=5399+ SIZE SCT 15 
=5400+i 

r54ei»; 

=5410 lEJECT 
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LX OBJ 

LINE 

SOURCE STRTENEMT 



5411 % 

INCLUDE(:F0:t(DO. MOO) 



=5412 

CODEBLK 100 


074E 

=5447+ 

ORG 

1870 



=5451 ; 





=5452 i 

KEV60RRD RNO 0I5PLRS' PROCESSING ROUTINE 


=5453 > 

CaaED PERIXICRLLV UHLN KBD RNO OISPLRV RRE TO BE RLIVE. 

074E 05 

=5454 TIIMT: 

sa 

RBI 



=5455 

NhOV 

RSRVLR 


074F B93E 

=5468+ 

NOV 

RLIRSRVE 


0751 fll 

=5469+ 

NOV 

0R1.R 


0752 23F0 

=5473 

NOV 

fl#<"10K) 


0754 62 

=5474 

NOV 

Lfl 

iRELORO TINER INTERVRL 

0755 27 

=5475 

XR 

R 


0756 3E 

=5476 

NOVO 

PSEGHLR 

i WRITE BLRNK mTERN TO SEG DRIVERS 

0757 30 

=5477 

NOVO 

PSEGLO^R 


0758 FO 

=5478 

NOV 

R.CUROIG 


0759 07 

=5479 

DEC 

R 


075fl 3r 

=5480 

NOVO 

POIGILR 

iOCRGiZE amrcTER 

075B X 

=5481 

NOVO 

nPINPUT 

;LOnO RNV SWITCH CLOSURES 

075C RR 

=5482 

NOV 

ROTPRLR 



=5483 



;WRITE NEXT SEGNENT PRTTERN 

0750 FO 


NOV 

RiCURDIG 


075t 07 

=5485 

OEC 

R 


0?5r 0346 

=5486 

RDO 

ntSEGNRP 

jRDD CURDIG OISPLRCNENT TO BRSE 

0761 R8 

=5487 

NOV 

R0.R 


0762 F0 

=5488 

NOV 

R.0R0 

;LORD RX W/ NEXT SEGNENT PflHERN 

0763 30 

=5489 

NOVO 

PSEGLO^R 

;ENfiBLE APPROPRIATE SEGNENTS 

0764 47 

=5490 

SURP 

R 


0765 3E 

=5491 

NOVO 

PSEGHLH 



=5492 ; 










=5494 ; 

THE NEXT CHRRflCTER IS NON BEING OISPLRVED. 


=5495 i 

THE KEVBORRD SCRN ROUTINE IS INTEGRRTED INTO THE OISPLRS' SCRM 


=5496 ; 

WITH THE CURRENT RON ENERGIZEO, CHECK IF THERE RRE RNV irf>UTS. 












=5498 1 





=5499 ; 

ROTRTE BITS THROUGH THE CV HHILE INCRENENTING KEVLX. 


=5500 ; 




0766 0804 

=5501 

NOV 

ROTCNT/INCOLS 

iSET UP FOR <NCOLS> LOOPS THROUGH 'NXTLX' 


=5502 NXTLX: NRRC 

ROTPRT 


0768 FR 

=5514+ 

NOV 

aROTPRT 


0769 6? 

=5518+ 

RRC 

R 


076R RR 

=5529+ 

NOV 

ROTPRLR 


0766 r688 

=5532 

JC 

SCRN5 

;OrC BIT IN CV INDICATES KEV NOT DOWN 

0760 eE01 

=5533 

NOV 

KEMT-G,#! 

iNRRK THAT RT LEAST ONE KEV WRS DETECTED 


=5534 



;N IN THE CURRENT SCRN 


=5535 ; 
=5536 ; 



=5537 i 
=5538 ; 

R KtSSTROKE URS DE7ECTED FOR THE CURRENT COLUfl ITS 

POSITION IS IN REGISTER KEVLOC. SEE IF SRHE KEV SENSED LflST CVCLE 


f 

=5540 ; 
=5541 

NNOV 

R,KEMX 

076F B93C 

=5550+ 

NOV 

RLIKEVLX 

0771 FI 

=5551+ 

NOV 

fl0Rl 
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8773 DC 
0774 C67C 


=5556 

=5557 


XRL 

JZ 


ft,LftSTKV 

scare 


=5559 ; 
=5560 


a DIFFERENT KEV HRS REHD ON THIS CSOE THRN OH THE PREVIOUS CSIIE 



=5561 ; 

SET 

NREPTS TO THE DEBOUNCE PRRRMETtR FOR fl NEH COUNTDOHN. 


=5562 i*** 




=5563 i 



0776 B93D 

=5564 

MOV 

RLiNREPTS 

0778 B106 

=5565 

MOV 

0R1,«6 

077H E48B 

=5566 

JMP 

SCRN5 


=5567 ; 
=5568 i* 
=5569 ; 
=5570 i 
=5571 ; 
=5572 ; 


SOME KEV HRS DETECTED 3S ON PREVIOUS CYCLE 
LOOK RT NREPTS: IF RLRERDS' ZERO. DO NOTHINO 
ELSE DECREMENT NREPTS. 

IF THIS RESULTS IN ZERO, MOVE LflSTKV INTO KDDGUF. 



=5573 
=5574 ; 

=5575 SCRTG: 

MMOV 

a, NREPTS 

077C B93D 

=5584+ 

MOV 

Rl,iNREPTS 

077E Fl 

=5585+ 

MOV 

R,0R1 

077F C68B 

=5589 

JZ 

SCRN5 

0781 07 

=55^ 

DEC 

R 


=5591 

MMOV 

NREPTS, R 

0782 B93D 

=5604+ 

MOV 

RlilNREPTS 

0784 R1 

=56054 

MOV 

0Rl,fl 

0785 9688 

=5609 

JNZ 

SCRNS 


=5610 

MMOV 

KBDBUF.LRSTKS' 

0787 FC 

=5633+ 

MOV 

fi,LfeTKV 

0738 B93B 

=5639+ 

MOV 

Rl,iK8D8UF 

078fi fU 

=5640+ 

MOV 

0Rl,fl 

0788 B93C 

=5643 , 

=5644 SCfW5: 

MOV 

Rl,iKEVLOC 

078D 11 

=5645 

INC 

0R1 

078E EB68 

=5646 

DJNZ 

ROTCNT.rOOLOC 

07^^ EDfiS 

=5647 

DJNZ 

CURDI6,TIRET1 

0792 BD08 

=5648 

MOV 

CURDIG,«CHRRNO 


; IF flRERDS* ZERO 

; INDICRTE ONE MORE SUCCESIVE KEV DETECTION 


; IF DECREMENT DOES NOT RESULT IN ZERO 
;TO MRRK NEU KEV aOSURE 


=5649 
=5650 
=5651 ; 
=5652 ; 
=5653 i* 
=5654 i 
=5655 


TIE FOLLOHING CODE SEGMENT IS USED BY ThE KEYBORRD SCRNNIN6 ROUTINE 
IT IS EXECUTED ONLY RFTER R REFRESH SEQUENCE IS COMPLETED 


MMOV KEVLOC,ZERO 


0794 B93C 

=56664 

MOV 

Rl,#KEVLOC 

0796 8100 

=5667+ 

MOV 

0R1,#ZERO 

0798 PE 

=5671 

MOV 

n,KEVFLG 

0799 9C8D 

=5672 

JNZ 

SCRN8 


=5673 

MMOV 

LRSTKV.NEGl 

0798 KFF 

=5678+ 

MOV 

LfiSHCV.iNEG 

079D BE00 

=5682 SCflN8: 
=5683 ; 

MOV 

KEVaG,#0 






; JUMP IF RNS' KEYS HERE DETECTED 
;CfmE <ifi61KY> UHEN NO KEYS Rl^ DOHN 
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LOC OBJ 

Lire 

SOURCE STflTEieNT 


=5685 ^ 




=5686 i 

KBD/DISP RETURN CODE- RESTORES SYSTEM STATUS. 


=5607 

MV 

A,RDELfft‘ 

079F B93F 

=5696-1 

IWV 

RL#RDELRV 

0?ni FI 

=5697+ 

MOV 

a@Rl 

0?fi2 C6fl8 

=5701 

J2 

TIRETl 

07ft4 87 

=5702 

DEC 

A 


=5703 

MMOV 

RDELAV.A 

07R5 B93F 

=57164 

MOV 

RL#RDELAS‘ 

0707 ftl 

=5717+ 

MOV 

0RLR 


=5721 TIRETl; 

MMOV 

fl;ASAVE 

8708 B93E 

=5730+ 

MOV 

R1,#ASRVE 

87m Fi 

=5731+ 

MOV 

A.0R1 

07RB 93 

=5735 

RETR 



=5736 ; 




=5737 ; 




=5738 iTOFPOL TIMER OVERFLOW PCLLING SUBROUTINE. 


=5739 ; 

CALLED REPEATEDLV FROM I4CREVER KBDTDISP MUST BE ALIVE. 


=5740 > 

MONITORS Tl€ TIMER OVERFLOW FLAG (TOF) m CflLS SERVICE 


=5741 i 

ROUTINE WI€N mPROPRIATE. 

87RC 1<34E 

=5742 TOFPOL: 

JTF 

TIINT 

87fE 83 

=5743 

RET 



=5744 

SIZECH< 

0061 

=5747-h size 

SET 

97 


=5748+; 




=5749+; 




=5758 $EJECT 
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LOC OBJ 


LINE 


SOURCE STRTEHENT 


8603 530F 
06D5 83EF 
06D7 ft3 



=5759 

CODEBLK 17 

86C2 

=5789+ 

ORG 

1730 


=5?33 ; 




=5794 .KBDIN 

KEVBOORD INPUT SUBROUTINL 


II 

RCTURNS ONLV (TTCR fi NEH KEV'SIROKE UfS 1 


=5796 ; 

VRLUE OF KEV POSITION IN SNITCH MRTRIX : 


=5797 ; 

RETURNED IN THE HCCUNULOTOR. 


=5798 ; 

DISPLHV CHRRRCTER NON ON SUlNKED BEFORE 

06C2 BF03 

=5799 KBDIN: 

MOV 

XPCODE. #3 

06C4 74D1 

=5880 

CALL 

XPTEST 

86C6 F4AC 

=5301 KBDIl: 

CALL 

TOFPOL 


=5802 

MMOV 

flKBDBUr 

0CC8 BS3B 

=581H 

MOV 

RL#KBDBUF 

06CA FI 

=5812+ 

W 

wm 

06CB F2C6 

=5816 

JB7 

KBDIl 

06CD 27 

=5817 

CLR 

A 

06CE 3E 

=5818 

MO'VD 

PSEGHLA 

06CF 3D 

=5819 

MOVD 

PSEGLO.fl 

0CD0 37 

=5820 

CPL 

A 

06D1 21 

=5821 

XCH 

fl0Rl 

06D2 33 

=5822 

RET 



=5823 

5I2ECHK 

mi 

=5826+ SIZE 

SET 

17 


=5828+; ♦♦***♦ 
=5837 ; 

=5838 

=5863+ 

=5867 ;aERR 
=5868 ; 

=5869 ; 


05F1 dm 

=5870 aERR: 

MOV 

R0.«SEGMAP 

05F3 B908 

=5871 

MOV 

RLIDiARNO 

05F5 8800 

=5872 DBLfWK: 

MOV 

0R0.»0 

0bF7 18 

=5873 

INC 

R0 

05F8 E9F5 

=5874 

DJNZ 

R1.DBLANK 


=5875 

MMOV 

NEXTPL aiARNO 

0^R 0930 

=5886+ 

MOV 

R1,#NEXTPL 

05FC B188 

=5887+ 

MOV 

0RLfCHARNO 

05FE 83 

=5891 

RET 



=5892 

SIZECHK 

000E 

=5895^ SIZE 

SET 

14 


CODEBLK 15 
ORG 1521 

WRITES 'BLflNK' OmRfiCTERS INTO ALL DlSPinV REGISTERS. 
f^URNS HIT» NEXTPL SET TO LEFTMOST DlfmTER POSH ION 
DOES NOT f^FECT flCC OR CV. 


; STORE TIC BLANK CODE 
; POINT TO NEXT CHARACTER TO IHE LEFT 


=5897+; ******* 
=5906 ; 

=5987 

=5937+ 

=5941 ;DSPACC 
=5942 DSPACC: 
=5943 
=5944 

=5945 ;HDISP 
=5946 ; 

=5947 ; 

=5948 MDISP: 


CODEBLK 44 
ORG 1747 

DISPLAY VALUE OF LOH NIBBLE OF ACC 
ANL A.ieFN 

ADD A,iDGPATS 

HOVP A.0A 

WRITES BIT PfllTERN NOW IN ACC INTO NEXT CHARACTER POSITION 
OF THE DISPLAY dCXTPL). INCREMENIS NEXTPL 
RESULTS IN DISPLAY' BEING FILLED LEFT TO RIGIfl. IHEN RESTARTING 
MOV DSPTMP^A 
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LOC OBJ 

LINE mtE STRTEMENT 



06D9 BF04 

=5949 

MOV 

XPC00LI4 



06DB 7401 

=5950 

CRLL 





=5951 

MMOV 

R^NEXTPL 



0600 6S3a 

=5960+ 

MOV 

R1.INEXTPL 



06OF FI 

=5961+ 

MOV 

RigRl 



06E0 0345 

=5965 

ROO 

A.#SEGMRP-1 



06E2 fl9 

=5966 

MOV 

R1,A 



06E3 FE 

=5967 

MOV 

A^OSPTMF 



06E4 R1 

=5968 

MOV 

0R1.A 




=5969 

MOJNZ 

NEXTPL.140ISP1 



06E5 mn 

=5974+ 

MOV 

RLiNEXTPL 



06E7 Fi 

=5975+ 

MOV 

a0Rl 



06E8 07 

=5979+ 

OEC 

A 



06E9 R1 

=5984+ 

l«V 

0R1.A 



06ER 96EE 

=5988+ 

JNZ 

MOISPl 



06EC D100 

=5990 

M0*V 

§RL#CHfKNO 



06EE 83 

=5991 MOISPl: 

RET 





=5992 ; 






=5993 ;0GPflTS IS TO 

BflSE FO? THE Tt«LC OF SEGMENT PATTERNS FOR HEX DIGITS. 


=5994 ;HERL THE FULL HEX SET (0-F) IS INaUDEO. 



=5995 ; 





00EF 

=5996 OGPRTS 

E^ 

t m 0FFH 




=5997 i 






=5998 ; FORMAT IS 

FIEEOCBA 

IN STANDARD SEVEN-SEGMENT ENCODING CONVENTION 


=5999 ; 



WHERE P REPRESENTS THE DECIMAL POINT 

06EF 3F 

=6000 

OB 

00111111B 

; SEGMENT PATTERN FOR DIGIT 

'd' 

0CFe 06 

=6001 

OB 

000001106 

.SEGMENT rnTTERN FOR DIGIT 

'1' 

06F1 5B 

=6002 

OB 

01011011B 

; SEGMENT PATTERN FOR DIGIT 

'2' 

06F2 4F 

=6003 

OB 

01001111D 

; SEGMENT PATTERN FOR DIGIT 

'y 

06n 66 

=6004 

OB 

011001106 

; SEGMENT PATTERN FOR DIGIT 

'A' 

06F4 60 

=6005 

OB 

01101101B 

; SEGMENT PAHERN FOR DIGIT 


06F5 70 

=6006 

OB 

011111010 

; SEGMENT PATTERN FOR DIGIT 

'6' 

06F6 07 

=6007 

00 

00000111B 

; SEGMENT PATTERN FOR DIGIT 

'7' 

06F7 7F 

=6008 

OB 

01111111B 

; SEGMENT PATTERN FOR DIGIT 

'8' 

06r8 6/ 

=6009 

OB 

01100111B 

;5EG«NT PATTERN FOR DIGIT 

'S' 

06F9 77 

=6010 

OB 

01110111B 

;SEGI€NT PATTERN FOR DIGIT 

'H' 

06rR 7C 

=6011 

OB 

01111100B 

; SEGMENT PAHERN FOR DIGIT 

'B' 

06rEI 39 

=6012 

OB 

001110016 

; SEGMENT PATTERN FOR DIGIT 

'C' 

06FC 5E 

=6013 

OB 

01611110B 

; SEGMENT PATTERN FOR DIGIT 

'0' 

06FO 79 

=6014 

06 

01111001B 

; SEGMENT PATTERN FOR DIGIT 

'E' 

06FE 71 

=6015 

OB 

81110001B 

; SEGMENT PATTERN FOR DIGIT 

'F' 


=6016 

SIZECHK 



002C 

=6019+ SIZE 

SET 

44 




=6020+; 






s(;821+; 




K** 


=6030 ; 






=6031 

COOEBLK 12 



04F2 

=6051+ 

ORG 

1266 




=6055 ;0CLflV 

SUBROUTINE URITS FOR TIE NUMBER OF COMPLETE 



=6056 ; 

OISPLflV SCANS CORRESPONDING TO THE RCC CONTENTS. 



=6057 ; 

USED WITH CRUDE HUMRN INTERTRCES- flS HHEN OPERATOR 

Simo SEE 


=6058 ; 

SOME DISPLAY CHANGE UHILL IT IS OIRNGING. 



=6059 OELfiV; 

MMOV 

ROELAV^A 



04F2 B93F 

=6072+ 

MOV 

Rl.#ROELm’ 



04F4 R1 

=6073+ 

MOV 

0R1.A 
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twv uyjF 
04F9 FI 
04FR 96rb 
84FC S2 

fKKJO 


07RF 


07RF BF05 
07B1 74D1 

07B3 B93B 
07B5 FI 
07B6 83 

0008 


=608-7+- MOV RLiRDEinV 

=6088+ m R.0R1 

=6092 JNZ DaftVl 

=6093 RET 

=6094 SIZECHK 

=6097+ SIZE SET 11 

=6098+; 

= 6099 +; *:t:^^*t****t^ 

=6108 ; 

=6109 COOEBLK 8 

=6144+ ORG 1%7 

=6148 iKBOPOL POLL STATUS OF KE'i'BOARD INPUT ROUTINE. 

=6149 ; RETURN HUH ACC BIT 7 = 8 IF KES'BOARD INPUT HRS BEEN WICEIVED. 

=6150 KBDPOL; NOV XPC0DE.#5 

=6151 CALL XPTEST 

=6152 HHOV n^KBDBUT 

=6161+ NOV kLIKBDBUF 

=61624 NOV Ai0Rl 

=6166 RET 

=6167 SIZECHK 

=6170+ SIZE SET 8 

=6171+; 

=6181 lEJECT 
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LX OBJ 

LINE 

SOURCE STATEMENT 


6182 $ 


INaUDE(:F0:LINK.HOD> 


=6183 


COOEBLK 15 

07B7 

=62184 


ORG 

1975 


=6222 ;EPFET 

FETCH W(Tn BVTE FROM EP IKTERNRL RHI RDDRESSED BV SHRL 


=6223 EPFET: 

HNOV 

A.SMAL0 

07B7 B930 

=62324 


MOV 

RLtSMALO 

07BS FI 

=62334 


MOV 

n.0Rl 

07BR F4D0 

=6237 


CALL 

EPPASS 

07X 2380 

=6238 


NOV 

8.4100000006 

07BE fm 

=6239 


CXL 

EPPASS 

07C0 F4O0 

=6240 


CALL 

EPPASS 

07C2 83 

=6241 


RET 



=6242 


SIZECHK 


=62454 

=62464; 

SIZE 

SET 

12 


=Otnr ' 





=6256 ; 





=6257 


CODEBLK 15 

07C3 

=6292^ 


ORG 

1987 


=6296 iEPSTOR 

STORE DATA IN LDATA IN EP INTERNAL RAM AT <SMAL0> 

07C3 Ffi 

=6297 EPSTOR: 

MOV 

A. LDATA 

07C4 F4D0 

=6298 


CALL 

EPPASS 


=6299 


MMOV 

A.SMRLO 

07C6 BS30 

=63084 


MOV 

RLiSMALO 

0 7C8 FI 

=63094 


MOV 

A.0R1 

07C9 537r 

=6313 


ANL 

A. 4011111110 

07CB fm 

=6314 


caa 

EPPASS 

07CD F40e 

=6315 


CALL 

EPPASS 

07CF 83 

=6316 


RET 



=6317 


sizEa«c 

000D 

=63204 

=63214; 

SIZE 

SET 

13 


=6331 $EJECT 
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Loc oej 


LINE 


SOURCE SlflTEMENT 


=6332 ; THE FOLLOWING UTILITIES INVOLVE INTERCHfiNGES BETWEEN THE NF* AND EP. 
=6333 ; 

=6334 COOEBLK 11 

0700 =63694 ORG 2000 

=6373 iEPPflSS PASSES A SINGLE PARAMETER BVTE TO THE EP THROUGH ITt LINK. 

=6374 ; WRITE THE CONTENTS OF THE ACC TO THE LINK; 

=6375 ; RaEASE TIC ET^; 

=6376 ; READ THE LINK INTO THE ACC; 

=6377 ; RETURN. 

O7D0 8R30 =6378 EPPASS: ORL P2. «00110000B ;ENAeLE LINK WRITES. 

07D2 91 =6379 HOVX @RLA ;«ITE ACC TO LINK. 

07D3 93FE =6380 ANL PI^INOT ENBRAM ; DISABLE BREAKPOINTS. 

07D5 8902 =6381 ORL PLIENBLNK ;SET TO BREAK ON LINK REFERENCE. 

07D7 F40B =6382 CPkJL EPS1EP 

07D9 81 =6383 MOVX fL0Rl 

07DA 83 =6384 RET 

=6385 SIZEaiK 

000B =6388+ SIZE SET 11 

=6389^; 

=6399 ; 

=6400 CODEBLK 25 

07De =6435+ ORG 2011 

=6439 ;EPS1EP RELEASES ET TO RUN IN PRESENT MODE UNTIL AN ANTICIPAIED 

=6440 ; HARDWARE BREAK OCCURS. 

=6441 ; (DUE TO SINGLE STEPPING, LINK OPCODE FETCH, OR LINK DATA PETOi ) 

=6442 ; MUST OCCUR WITHIN A FINITE NUMBER OF CStlES «40 MP CYCLES) 

=6443 ; OR WATCHDOG TIMER WILL ASSUC A COMMUNICATIONS ERROR 
=6444 ; BETWEEN TIE MP AND EP. 

07DB F4F4 =6445 EPSTEP: CAU EPRa 

07DDB90R =6446 MOV Rl,410 

07Or 86F1 =6447 EPSTEl: JNI EPSTE2 

07E1E9DP =6448 DJNZ Rl, EPSTEl 

07E3 8910 =6449 ORL P1,#EPRSET 

07E5 744F =6450 CAU EPBRK 

07E7B8B8 =6451 MOV RO, iLOW<OVlBAS+OVSIZE) 

07E9 746A =6452 CALL OVLOAD 

07EB 99EF =6453 ANL PLINOT EPRSET 

07EDBA0E =6454 MOV LDATA,i0EH 

07EF 249A =6455 JMP PERROR 

07F1 744F =6456 EPSTE2: CAU EPBRK 

07F3 83 =6457 RET 

=6458 SIZECHK 

0019 =€461+ SIZE SET 25 

=6462+; 

=mi*i***** **** * ****u***t*****tttt^^ 

=6472 ; 

=6473 ; 

=6474 REJECT 


All mnemonics copyrighted © Intel Corporation 1976. 


5-80 








LOC OBJ 

LINE SOURCE STOTENENT 


=6475 

CODEBLK 9 

07F4 

=6510^ 

ORG 2036 


=6514 ;EPRa 

RELEASES EP TO RUN IN PRESENT MODL 


=6515 ; 

SEQUENCE IS OS FOaOUS; 


=6516 i 

PUT YBm ORROS* IN EP MODE; 


=6517 ; 

RAISE /SSTEP; 


=6518 i 

RETURN. 

07F4 99F7 

=6519 EPRa: 

ONL PLiNOTCLRBFF ;CLEAR BREAK F/F. 

07F6 8S08 

=6520 

ORL P1,#CLRBFF ;RE-ENABLE BREAK F/F. 

0?F8 SflBF 

=6521 

ONL P2>IN0T 010000086 ; ENABLE EP CONTROL OF NEN ARRAY 

07Ffl 8904 

=65^ 

ORL n. 400000100B ;FREE EP TO RUN UNTIL BREAK. 

07FC 83 

=6523 

RET 


=6524 

SIZECHK 

WKP? 

=6527+ SIZE 

SET 9 


=6528+i 



******* 



=6538 ; 



=6539 ; 



=6540 

CODEBLK 11 

034r 

=6580^ 

ORG 847 


=6584 jEPBRK 

REGAIN CONTROL OF MEHORS' ARRAY FROH EP. 


=6585 i 

DROP /SSIEP; 


=6586 ; 

UAIT 30 U5ECS.; 


=6587 i 

PUT NENORV ARRAS' IN rr NODE; 


=6508 ; 

RETURN. 

034F 99FB 

=6589 EPBRK: 

ANL PL INOT 000001O0B ; FREEZE ENULATION PROCESSOR. 

0351 8920 

=6590 

ORL PlilHODOUT ;SIGNAL EP IS NOT RUNNING USER CODE. 

0353 B905 

=6591 

NOV RLi5 

0355 E955 

=6592 

DJNZ RLI ; DELOS' FOR EP TO FINISFI INSTRUCTION. 

0357 8R40 

=6593 

ORL P2,iei000O006 ;SEIZE CONTROL OF NEN ARRAS'. 

0359 83 

=6594 

RET 


=6595 

SIZECHK 

QQQD 

WMM 

=6598+ SIZE 

SET 11 


=65994; 






=6689 ; 



=6610 ; 



=6611 

CODEBLK 16 

0350 

=6651+ 

ORG 858 


=6655 ;0VSUflP 

OVERLAY SHOP. 


=6656 ; 

SNAPS BLOCK OF DAIABSTES (USER^S PROGRAN) BCTUEEN HP RAN 4 EP PH. 

0350 8865 

=6657 OVSHRP: 

NOV R8.I0V6UF40VSIZE 

035C 8917 

=6658 

NOV RLMVSIZE 

035E 2340 

=6659 

NOV P» #010000008 

0360 30 

=6660 

OUTL P2.A 

0361 C8 

=6661 OVSUl: 

DEC R0 

0362 C9 

=6662 

DEC R1 

0363 81 

=6663 

NOVX 

0364 28 

=6664 

XCN fL0R0 

0365 91 

=6665 

NOVX 0RLA 

0366 F9 

=6666 

NOV A.R1 

0367 9661 

=6667 

JNZ OVSUl 

0369 83 

=6668 

RET 


=6669 

SIZECHK 

0010 

=6672+ SIZE 

SET 16 
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=6683 ; 




=6684 

CODEBLK 14 

036n 

=67244 

ORG 

874 


=6728 ;OVLOfiD OVERLfTi' LORD. 


=6729 ; 

MOVES BLOCK OF DRTRBVTES 


=6730 i 

TOP OF DRTR BLOCK LOF()ED 

e36R B91? 

=6731 OVLORD: 

MOV 

RtiOVSIZE 

0360 2340 

=6732 

MOV 

R.401000000B 

036E 3A 

=6733 

OUTL 

P2,R 

036F C8 

=6734 ItLOl: 

DEC 

R0 

0370 C9 

=6735 

DEC 

R1 

0371 F8 

=6736 

MOV 

R>R0 

0372 E3 

=6737 

M0VP3 

fl0R 

0373 91 

=6738 

MOVX 

0R1.R 

0374 F9 

=6739 

MOV 

R.R1 

0375 9G6F 

=6740 

JN2 

MMLOl 

0377 83 

=6741 

RET 



=6742 

SIZECHK 

00eE 

=67454 SIZE 
=67464; 

****** 

SET 

14 






=6756 lEJECT 




<RSSO«LED SOURCE) FROH P63 
RND BLOCK LENGTH DETERMINED 


10 EP PM. 

BV Re RND R1 
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SOURCE STftTEICNT 


LOC OBJ LINE 


0j;78 


0378 


0378 


0378 

1409 

037R 

00 

037B 


0378 

1409 

037D 

00 

037E 

00 

037F 


837F 

1409 

0381 

00 

0382 

00 

0383 

00 

0384 

00 

0385 

00 

0386 

00 

0387 

00 

0388 

00 

0389 

00 

038fl 

00 

0388 

00 

038C 


038C 

0409 


0016 


=6757 i 
=67K ; —— - 
=6759 i 
=€760 i 
=6761 ; 

=6762 ; 

=6763 i 

=6764 ;== 

=6765 ; 

=6766 
=67714 
=6775 i 
=6776 iOVB- 
=6V77 i 
=6778 f 
=6779 ; 

=6780 ; 

=6781 i 
=6782 ; 

=6783 OV0BRS 
=6784 ORG 
=6785 
=6786 
=6787 i 
=6788 ORG 
=6789 
=6790 
=6791 
=6792 i 
=6793 ORG 
=6794 
=6795 
=6796 
=6797 
=6798 
=6799 
=6800 
=6801 
=6802 
=6803 
=6804 
=6805 

=6806 j 

=6807 ORG 
=6808 
=6809 ; 

=6810 

=68134 SIZE 

=68144; 

568154 ; 

=6824 lEJECT 


lie REST OF IHIS MODULE CONTfllMS THE MINI-MONITORS HKICH OVERLflS' 

THE EMULHTION PROCESSOR PROGRRM ROM 10 GIVE IHE 

MRSTER PROCESSOR tmSS 10 INTERNflL REGISTERS fiND RfiM Of- THE EP. 


DATHBLK 22 
ORG 888 

OVERLflV 10 BREHK EP EXECUIION fVD JUMP TO LOCRTION 009H 
LOCHTION 009H REflCHED WITH TOP-OF-STRCK = RETURN flDDRESS42 
DUE TO FORCED "CRLL" DURING WHICH PC HRS INCREMENTD. 

LOCS 003H & 007H CRLL 009H TO SIMULRTE SHME CONDITION 
IF BRERK OCCURS DURING INICRRUPT CSTIE. 

SOURCE CODE FOR MINI-MONITOR OVERLRVED OVER LON ORDER PROGRRM RRM. 

EQU I 

OV0BRS 
CRLL 009H 
NOP 

OV0eRS4003H 
CRLL 009H 
NOP 
NOP 

OV0BRS4007H 

CRU 009H 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

OV0BRS4014H 
JMP 009H 


SIZECHK 
SET 22 
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Loc oej 


LINE 


SOURCE STATEMENT 


038E 


036E 

03OE 

038E 0400 
0390 00 

0391 
0391 83 
0392 00 
0393 00 
0394 00 

0395 
0395 83 
039C 00 

0397 
0397 90 
0396 42 
0399 90 
039A C7 
039B 7611 
0390 53F7 
0311 
039F 90 
03A0 C5 
03A1 PC 
03A2 0409 


0016 


=6825 DATABLK 22 

=6838+ ORG 910 

=6834 ; 

=6835 iOV3- OVKLffi' TO SAVE STATUS DATA ARER BREAK. 

=6836 i ACC, TIHER/COUNTER, PSH (WITH FI), 4 RAM LOC 0 PASSED SEQUEHIIALLV 
=6837 ; TO MP. 

=6838 j SOURCE CODE FOR MINI-MONITOR OVERLASED OVER LOU ORDER PROGRAM RAM. 
=6839 ; 

=6840 0V3BRS EQU I 

=6841 ORG 0V3BAS 

=6842 JMP 000H 

=6843 NOP 

=6844 ; 

=6845 ORG OV3BRS+003N 

=6846 RET 

=6847 NOP 

=6848 NOP 

=6849 NOP 

=6850 ; 

=6851 ORG OV38AS+007K 

=6852 RET 

=6853 NOP 

=6854 ; 

=6855 ORG OV3BflS+009H 

=6856 MOVX 0R0,A 

=6857 MOV A,T 

=6858 MOVX 0R0,A 

=6859 MOV R,PSH 

=6860 JFl 0V3B1 

=6861 ANL A, #111101116 

=6862 0V3B1 EQU #-<LOU 0V3BAS) 

=6863 MOVX 0R0,A 

=6864 SEL RB8 

=6865 MOV A,R0 

=6866 JMP 009H 

=6867 ; 

=6868 SI2ECHK 

=6871+ SIZE SET 22 

=6872+; 

=6873+; ***t**** * t**i f ^*t** ^i ^^^ 


-‘CSS2 REJECT 
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LOC OBJ 

LINE: 

SOURCE STRTEMENT 


=6883 

D0T0BLK 22 

03^4 

=6888+ 

ORG 

932 


=6892 ; 




=6893 ;0V1- 

OVERL0V 1 10 GIVE HP 0CCESS TO B* R0H LOGS. 01H~7FK 


=6894 ; 

SOURCE CODE FOR HINl-mNITOR OVERLRVED OVER LOU ORDER PROGR0H R0K 


=6895 ; 



83A4 

=6896 OV1B0S 

EQU 



=6897 ; 



03A4 040R 

=6898 

JMP 

OVlBl 

03n6 08 

=6899 

NOP 



=6900 j 



0307 

=6901 ORG 

OV1D0S+003H 

0307 83 

=6902 

RET 


0308 00 

=6903 

NOP 


0309 00 

=6904 

NOP 


0300 00 

=6905 

NOP 



=6906 ; 



030B 

=6907 ORG 

OV1B0S+007H 

030B 83 

=6908 

RET 


030C 00 

=6989 

NOP 



=6910 ; 



030D 

=6911 ORG 

OV180S+009H 

030D 90 

=6912 

novx 

0R0.0 


=6913 ; 



0000 

=6914 OVIBI 

EQU 

$-OVlB0S 


=6915 i 



030E 80 

=6916 

NOVX 

0I0R0 

030F 08 

=6917 

NOV 

R0.R 

0380 80 

=6918 

NOVX 

fl0R0 

0381 F213 

=6919 

J87 

0V1B2 

0383 28 

=6920 

XCH 

0.R0 

0384 00 

=6921 

NOV 

0R0.R 

03BS 0489 

=6922 

JNP 

oesH 


=6923 i 



0313 

=6924 0V1B2 

EQU 

l-LOU OV1B0S 


=6925 ; 



0387 F0 

=6926 

NOV 

I10R0 

0388 0409 

=6927 

JNP 

009H 


=6928 i 




=6929 

S12ECKK 

0016 

=69324 SIZE 

SCT 

22 


=6933+; 




=oIr 

=6943 lEJECT 
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8:$GR 

=6949+ 

ORG 

954 


=6953 ; 




=6954 ;0V2' 

OVERLBV TO RESTORE EP STATUS SAVED ON BREAK AND RESUC USER'S PROGRAM. 


=6955 ; 

SOURCE CODE FOR HINI-HONITOR OVERLmED OVER LOU ORDER PROGRAM RAH. 


=6956 ; 



03Bfl 

=6957 0V2Bft5 

EQU 

$ 

e38H 

=6958 0R6 

0V2BRS 


0380 0400 

=6959 

JMP 

wmi 

030C 00 

=6960 

NOP 



=6961 ; 



03BD 

=6962 ORG 

OV2BRS+003K 

03BD 83 

=6963 

RET 


038e 00 

=6964 

NOP 


03BF 00 

=6965 

NOP 


03C0 00 

=6966 

NOP 



=6967 i 



03C1 

=6968 ORG 

OV2DRS40O7H 

03C1 83 

=6969 

RET 


03C2 00 

=6970 

NOP 



=6971 ; 



03C3 

=6972 ORG 

OV2B8S+009H 

03C3 90 

=6973 

ROVX 

0R0tR 


=6974 ; 



03C4 80 

=6975 

MOVX 

fl0R0 

03CS 08 

=6976 

NOV 

R0.R 

03C6 80 

=6977 

NOVX 

RiORO 

03C7 D/ 

=6978 

NOV 

I'SUfR 

03C8 85 

=6979 

CLR 

FI 

03C9 85 

=6980 

ca 

FI 

03C8 7213 

=6981 

JB3 

0V2B1 

03CC 85 

=6982 

CLR 

FI 


=6933 ; 



0313 

=6984 0V2B1 

EQU 

l-^OH 0V28R5 


=6985 ; 



03CD 80 

=6986 

NOVX 

R>0R0 

03CE 62 

=6987 

NOV 

Lfi 

03CF 80 

=6988 

NOVX 

fl0R0 

03D0 93 

=6989 

RETR 



=6990 

SIZEQK 


0017 

=6993+ SIZE 

SET 23 


=6994+; 








=7004 $EJECT 
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LOC OBJ 

LINE 

SOURCE STATEMENT 


7005 i 



im 

CODEBLK 11 

03D1 

7048+ 

ORG 977 

03D1 OR80 

7050 XPTEST; 

ORL P2.I88H 

03D3 0R 

7051 

IN fi,P2 

031)4 9R7F 

7052 

ANL P2.I(N0T 80H> 

03D6 F2i>9 

7053 

JB7 $+3 

0308 83 

7054 

RLT 

031)9 F5 

7055 

Sa NBl 

0308 0400 

7056 

J»P 800H 


7057 

SIZECHK 


7060+ SIZE 

SET 11 


7061+i 



nJbd+j 



7071 ; 



7072 

COOEBU 13 

03DC 

7112+ 

ORG 988 

0300 28432931 

7116 

OB '(01979 INTa' 

03E0 39373920 



03E4 494E5445 



03E8 4C 




7117 

SIZECHK 

0000 

7120+ SIZE 

SET 13 


71214J 

7122+# 




7131 i 

7132 ; 

7133 

RSOURCE 







0100 

7136^ 

PGSIZE 

SET 

ORGPG0-000K 

;BVTES 

USED 

ON 

PAGE 0 

00FD 

7136+ 

P6SIZE 

SET 

ORGPG1>100H 

;BVTES 

USED 

ON 

PAGE 1 

0100 

7137+ 

PGSIZE 

SET 

ORGPG2-280H 

;BS'TES 

USED 

ON 

PAGE 2 

00E9 

7138+ 

PGSIZE 

SET 

ORGPG3-380H 

iBVTES 

USD 

ON 

PAGE 3 

00FD 

7139f 

PGSIZE 

SET 

ORGPG4-400H 

iBVTES 

USD 

ON 

PAGE 4 

00FT 

7140+ 

PGSIZE 

SET 

ORGPG5-500H 

iBYlES 

USD 

ON 

PAGE 5 

00FF 

7141+ 

PGSIZE 

SET 

ORGPG6~600H 

;BVTES 

USD 

ON 

PAGE 6 

00FD 

7142+ 

7143+IEJECT 

PGSIZE 

SET 

ORGPG7-700H 

;BVTES 

USD 

ON 

PAGE 7 
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Loc oej 


LINE 


SOURCE STflTDtNT 



7151 IGEN 
7158 i 

eiFD 7168 ORG ORGPGl 

7161 REPT (200H - ORGPGl) 


- 

7162 

DB 

8 


7163 

ENDH 


81FD 88 

7164+ 

oe 

8 

81FE 88 

7165+ 

DB 

8 

81FF 88 

7166+ 

DB 

0 


7168 ; 




7175 ; 



83E9 

7177 

ORG 

0RGPG3 


7178 

REPT <400H - 0RGPG3) 

- 

7179 

DB 

8 


7188 

ENDN 


83E9 08 

7181+ 

DC 

8 

03ER 88 

7182+ 

DB 

8 

83EB 00 

7183+ 

DB 

8 

03EC 08 

7184+ 

DB 

8 

83ED 88 

7185+ 

DB 

8 

8]CE 88 

7186+ 

DB 

8 

83EF 88 

7187+ 

DB 

0 

83F8 88 

7188! 

DB 

8 

83F1 08 

7189+ 

DB 

8 

03F2 00 

7198+ 

DB 

8 

83n 88 

7191+ 

DB 

8 

03F4 88 

7192+ 

DB 

8 

83F5 88 

7193+ 

DC 

8 

03F6 80 

7194+ 

DB 

8 

83F7 80 

7195+ 

DB 

0 

83F8 88 

7196+ 

DB 

8 

83F9 88 

7197+ 

DB 

8 

83rR 88 

7198+ 

DB 

8 

83FB 88 

7199+ 

DB 

8 

03FC 88 

7200+ 

DB 

8 

83FD 00 

7281+ 

DC 

8 

83FE 88 

7202+ 

DB 

8 

03F 08 

7203+ 

DB 

8 


7205 ; 



84FD 

7207 

ORG 

0RGPG4 


7208 

REPT <500K - 0R6PG4) 

- 

7209 

DC 

0 


7218 

ENDN 


04FD 88 

72U+ 

DB 

8 

84FE 00 

7212+ 

DB 

0 

84FF 80 

7213+ 

DB 

0 


7215 ; 



05FF 

7a7 

ORG 

0RGPG5 


7218 REPT (60eH - 0RGPG5) 
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LX OBJ 

LINE 

SOURCE STATEMENT 

- 

7219 

X 0 


7228 

ENDH 

85FF 80 

7221+ 

7223 ; 

X 0 

06FF 

7225 

ORG 0RGPG6 


7226 

REPT (700H - 0RGPG6) 

- 

7227 

X 0 


7228 

ENDM 

e6FF 00 

72294 

7231 ; 

X 0 

07FD 

7233 

ORG 0RGPG7 


7234 

REPT (800H - 0RGPG7) 

- 

7235 

X 0 


7236 

ENDM 

07FD 00 

7237+ 

X 0 

07FE 80 

7238+ 

X 0 

07FF 00 

7239+ 

7241 ; 

7242 lEJECT 

X 0 
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LbiUK2 ;)115 

5117# 






LSTBRK 4978 

4979 

5111# 





LSTDH 4975 

4995 

5011 

5032# 




LSHNT 4977 

5090# 






LSTORE 2459 

2615 

3527 

4672 

4957# 



LSTFH 4974 

4981# 






LSTR0 5052 

5055# 






LSTREG 4976 

5037# 






LSTTBL 4971 

4974# 






m 551# 
fU 552# 
MflDD 4381 

1816 

2386 

2438 

5358 



mUOC 435# 

5*384 






miN 1434 

1539# 

1546 

2349 

2414 

2417 

2422 

miN2 1544# 

3129 






MflINfl 1594 

1609# 






NRINB 1672* 

1674 






miNG0 1798 

1830# 






miNBl 1831# 

1847 






miNCl 1716# 

1762 






HRIND 1741 

1801# 






NRINDl 1742 
HRNL 440# 

1766# 






NBLOCK 165# 

1307 

1315 

1323 




HDEC 471# 

3529 






MDJNZ 475# 

4041 

4320 

4456 

4566 

5969 


HEHHl 1158# 

3824 

4005 





ICHLO 1149# 

3851 

4020 

4655 




HERROR 1592 

1858# 






MINC 4f7# 

1743 

2011 

2875 




WLOl 6734# 

6740 






nnOV 398# 

1558 

1574 

1609 

1628 

1649 

1682 

2464 

2482 

2541 

2581 

2714 

2729 

2756 

3002 

3063 

3091 

3206 

3225 

3244 

3263 

3510 

3557 

3578 

3801 

3828 

3855 

3957 

4639 

4759 

4783 

4798 

4814 

4836 

4854 

5191 

5343 

5369 

5455 

5541 

5575 

5591 

6059 

6078 

6152 

6223 

6299 



HOOOUT 537# 

3041 

6590 





nORL 445# 
MPUSEL 553# 
HRL 482# 

2988 

3631 

5178 




r«LC 494# 
HRR 486# 
HRRC 490# 

4437 

4548 

5502 




455# 
NXRL 450# 
NCOLS 614# 

5501 






NEGl 729# 

2341 

5678 





NEXTPL 1203# 

2253 

2259 

5880 

5886 

5960 

5974 

NIBI3 3702 

3708# 






NI8IN 3627 

3630 

3699# 





NIBIN2 3553 

3700# 







2427 2500 2620 


1716 

1766 

1782 

1801 

1976 

1994 

2172 

2248 

2787 

2885 

2838 

2856 

2893 

2923 

2938 

2953 

3283 

3301 

3322 

3349 

3423 

3433 

3452 

3471 

3981 

3996 

4011 

4065 

4257 

4284 

4392 

4410 

4870 

4957 

4981 

4996 

5012 

5037 

5055 

BOM 

owyw 

5610 

5655 

5673 

5687 

5703 

5721 

5802 

5875 


2329 

2968 

3490 

4587 

5162 

5951 
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NIBO 4159 4161 4388# 

NOGRK 1521# 1928 

N0VRLS1381# 1416 

NREPTS 1238# 5564 5584 5684 

NUnCON 1185# 1662 1838 2181 2469 2475 2723 

NXTL0C 5582# 5646 

OPTflBl 1901 1983 1984 1905 1906 1922# 

0PTfB2 1907 1988 1925# 

0PTflB3 1902 1909 1927# 


OPTION 1194# 

1641 

1698 

1791 

1810 












ORGPG0 128# 

1480 

1481 

1449# 

1528 

1529 

1873# 

1947 

2157 

2158 

2238# 

2234 

2300 

2367 

2518 

2651 

2652 

2674# 

2679 

3148 

3399 

3617 

3618 

3681# 

3685 

3735 

3771 

3921 

4106 

4141 

4188 

4234 

4360 

4495 

4620 

4695 

4696 

4720# 

4724 

4917 

5138 

5225 

5264 

5389 

5414 

5761 

5848 

5909 

6033 

6111 

6185 

6259 

6336 

6482 

6477 

6542 

6613 

6686 

7888 

7074 

7135 

7152 

7153 


ORGPGl 129# 

1952 

1953 

2153# 

2239 

2240 

2296# 

2385 

2386 

2363# 

2372 

2523 

2684 

3153 

3404 

3698 

3691 

3738# 

3740 

3741 

3765# 

3776 

3926 

4111 

4112 

4137# 

4146 

4147 

4176# 

4185 

4186 

4213# 

4239 

4365 

4500 

4625 

4729 

4922 

5143 

5238 

5231 

5268# 

5269 

5314 

5419 

5766 

5845 

5914 

6038 

6116 

6190 

6264 

6341 

6487 

6482 

6547 

6618 

6691 

7813 

7079 

7136 

7159 

7160 


0PGPG2 138# 

2377 

2378 

2514# 

2528 

2529 

2647# 

2689 

3158 

3489 

3410 

3613# 

3781 

3931 

4244 

4370 

4505 

4630 

4631 

4691# 

4734 

4927 

5148 

5274 

5275 

5385# 

5319 

5424 

5771 

5858 

5919 

6843 

6121 

6195 

6269 

6346 

6412 

6487 

6552 

6623 

6696 

7818 

7884 

7137 

7169 

7170 



0RGPG3 131# 

1334 

1335 

1395# 

1877 

1878 

1943# 

6577 

6578 

6608# 

6648 

6649 

6682# 

6721 

6722 

6755# 

6768 

6769 

6823# 

6827 

6828 

6881# 

6885 

6886 

6942# 

6946 

6947 

7883# 

7843 

7044 

7078# 

7109 

7U0 

7138# 

7138 

7176 

7177 












0RGPG4 132# 

2694 

2695 

3144# 

3163 

3786 

3936 

4249 

4250 

4355# 

4375 

4510 

4739 

4932 

5153 

5154 

5220# 

5324 

5429 

5776 

5855 

5924 

6048 

6849 

6187# 

6126 

6208 

6274 

6351 

6417 

6492 

6557 

6628 

6701 

7023 

7889 

7139 

7286 

7207 










0RGPG5 133# 

3168 

3169 

3398# 

3791 

3792 

3916# 

3941 

4380 

4381 

4491# 

4515 

4744 

4937 

5329 

5338 

5409# 

5434 

5781 

5860 

5861 

5985# 

5929 

6131 

6285 

6279 

6356 

6422 

6497 

6562 

6633 

6786 

7028 

7094 

7140 

7216 

7217 












0R(jPG6 134# 

3946 

3947 

4102# 

4528 

4521 

4615# 

4749 

4750 

4913# 

4942 

5439 

5786 

5787 

5836# 

5934 

5935 

6829# 

6136 

6218 

6284 

6361 

6427 

6582 

6567 

6638 

6^^11 

7033 

7899 

7141 

7224 

7225 

0RGPG7 135# 

4947 

4948 

5134# 

5444 

5445 

5757# 

6141 

6142 

6188# 

6215 

6216 

6255# 

6289 

6290 

6330# 

6366 

6367 

6398# 

6432 

6433 

6471# 

6587 

6588 

6537# 

6572 

6643 

6716 

7038 

7104 

7142 

7232 

7233 
















OUTCLR 1624 

1974# 

2556 














OUmSG 1797 

1827 

1975# 














OUTUTL 1542 

1973# 

2326 

2713 

2993 

3124 

3185 










OV060S 3187 

6783# 

6784 

6788 

6793 

6807 











OVIBI 6898 

6914# 















OV1B2 6919 

6924# 















OVlBftS 1426 

3281 

6451 

6896# 

6981 

6987 

6911 

6914 

6924 








0V2B1 6981 

6984# 















0V2BRS 2921 

6957# 

6958 

6962 

6968 

6972 

6984 










0V381 6868 

6862# 















OV3BRS 3203 

6840# 

6841 

6845 

6851 

6855 

6862 










OVBUF 1319# 

4828 

5826 

6657 













OVLORD 1427 

2922 

3188 

3204 

3282 

6452 

6731# 










0VS12E 646# 

1321 

1426 

2921 

3187 

3203 

3281 

4812 

5010 

6451 

6657 

6658 

6731 




OVSUl 6661# 

6667 















OVSHfiP 2985 

2995 

3186 

6657# 













PBWC 1518# 

1924 















PDIGIT 517# 

^AQtk 















PERROR 1859 

2212 

2310# 

2633 

3889 

3599 

3716 

6455 









PGSI2E 7135# 

7136# 

7137# 

7138# 

7139# 

7148# 

7141# 

7142# 










PINPUT 520# 5481 
PLU51 699# 2476 
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PLUS! 714# 

2260 















PRNTl 2009 

2030# 















PRNT2 1994# 

20^ 















PSEGHI 518# 

1414 

5476 

5491 

5818 












PSEGLO 519# 

1413 

5477 

5489 

5819 












RDELaV 1248# 

5696 

5716 

6072 

6087 












RECDON 3524 

3549# 















RECTVP 1275# 

3503 

3587 














REGC 1^3# 

4405 

4442 

4553 

4596 












REORG 191# 

1335 

1401 

1529 

1878 

1948 

1953 

2158 

2235 

2240 

2301 

2306 

2368 

2373 

2378 

2519 

2524 

2529 

2652 

2680 

2685 

2690 

2695 

3149 

3154 

3159 

3164 

3169 

3400 

3405 

3410 

3618 

3686 

3691 

3736 

3741 

3772 

3777 

3782 

3787 

3792 

3922 

3927 

3932 

3937 

3942 

3947 

4107 

4112 

4142 

4147 

4181 

4186 

4235 

4240 

4245 

4250 

4361 

4366 

4371 

4376 

4381 

4496 

4501 

4506 

4511 

4516 

4521 

4621 

4626 

4631 

4696 

4725 

4730 

4735 

4740 

4745 

4750 

4918 

4923 

4928 

4933 

4938 

4943 

4948 

5139 

5144 

5149 

5154 

5226 

5231 

5265 

5270 

5275 

5310 

5315 

5320 

5325 

5330 

5415 

5420 

5425 

5430 

5435 

KAAa 

5445 

5762 

5767 

5772 

5777 

5782 

5787 

5841 


5851 

5856 

5861 

5910 

5915 

5920 

5925 

5930 

5935 

6034 

6039 

6044 

6049 

6112 

6117 

6122 

6127 

6132 

6137 

6142 

6186 

6191 

6196 

6201 

6206 

6211 

6216 

6260 

6265 

6270 

6275 

6280 

6285 

6290 

6337 

6342 

6347 

6352 

6357 

6362 

6367 

6403 

6408 

6413 

6418 

6423 

6428 

6433 

6478 

6483 

6488 

6493 

6498 

6503 

6508 

6543 

6548 

6553 

6558 

6563 

6568 

6573 

6578 

6614 

6619 

6624 

6629 

6634 

6639 

6644 

6649 

6687 

6692 

6697 

6702 

6707 

6712 

6717 

6722 

6769 

6828 

DOOD 

6947 

7009 

7014 

7019 

7024 

7029 

7034 

7039 

7044 

7075 

7080 

7085 

7090 

7095 

7100 

7105 

7U0 












RERROR 2317# 

2348 















RINT 1520# 

1923 















ROTCNl 886# 

5501 

5646 














ROTPnT 865# 

5482 

5507 

5514 

5529 












RSOURC 276# 

7133 















SCfW3 5557 

5575# 















SCflNS 5532 

5566 

5589 

5609 

5644# 












SCnN8 5672 

5682# 















SEGNRP 1311# 

2213 

5486 

5870 

5965 












SING 1523# 

1928 















SIZE 1385# 

1388 

1439# 

1442 

1863# 

1866 

1933# 

1936 

2143# 

2146 

2220# 

2223 

2286# 

2289 

2353# 

2356 

2504# 

2507 

2637# 

2640 

2664# 

2667 

3134# 

3137 

3380# 

3383 

3603# 

3606 

3671# 

3674 

3720# 

3723 

3755# 

3758 

3906# 

3909 

4092# 

4095 

4127# 

4130 

4166# 

4169 

4203# 

4206 

4345# 

4348 

4481# 

4484 

4605# 

4608 

4681# 


4710# 

4713 

4903# 

4906 

5124# 

5127 

5210# 

5213 

5250# 

5253 

5295# 

5298 

5399# 

5402 

5747# 

5750 

5826# 

5829 

5895# 

5898 

6019# 

6022 

6097# 

6100 

6170# 

6173 

6245# 

6248 

6320# 

6323 

6388# 

6391 

6461# 

6464 

6527# 

6530 

6598# 

6601 

6672# 

6675 

6745# 

6748 

6813# 

6816 

6871# 

6874 

6932# 

6935 

6993# 

6996 

7060# 

7063 

7120# 

7123 







SIZECH 270# 

1382 

1436 

1868 

1930 

2140 

2217 

2283 

2350 

2501 

2634 

2661 

3131 

3377 

3600 

3668 

3717 

3752 

3903 

4889 

4124 

4163 

4200 

4342 

4478 

4602 

4678 

4707 

4900 

5121 

5207 

5247 

5292 

5396 

5744 

5823 

5892 

6016 

6094 

6167 

6242 

6317 

6385 

6458 

6524 

6595 

6669 

6742 

6818 

6868 

6929 

6990 

7057 

7117 











SNflHI 1122# 

2487 

2493 

2772 

3465 

3817 

4792 

4990 

5184 

5378 







SNRLO 1113# 

1671 

1831 

2480 

2557 

2745 

2869 

2880 

3314 

3341 

3484 

3844 

4807 

4823 

4845 

4879 

5005 

5021 

5046 

5099 

5200 

5238 

5282 

5352 

6232 

6308 







STRCOH 1623 

2037# 















STRGOC 1927 

2054# 















STRHEN 1922 

1925 

2047# 

2555 













STRTNP 1257# 

1989 

2003 

2016 













STRUTL 1973 

2032# 















STSRVE 3056 

3062 

3183# 














TCRLFO 3886 

3894 

3975 

4119# 













HINT 5454# 

5742 















TIRETl 5647 

5701 

5721# 














TOFPa 3046 

5742# 

5801 

6077 
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TTVOUT 539# 4428 4430 

TYPE 11761 1429 1579 1585 1748 1771 1777 1822 2448 2550 3811 3872 4768 4966 5171 

IfDHW 2265# 2558 3371 

UPDWR 2195 2248# 

VER6N0 1058# 

UBRK 1522# 1928 


HDISP 

2010 

2030 

2269 

2274 

2560 

3373 

5948# 

HDISPl 5988 

5991# 






XPCODE 

837# 

1410 

1539 

2318 

5799 

5949 

6150 

XPTEST 1411 

1540 

2319 

5800 

5950 

6151 

7850# 

ZERO 

684# 

1570 

1586 

1778 

2494 

3428 

3860 


CROSS REFERENCE COMPLETE 
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BSTEIl 3554 3e28l 

BS7EIN 3432 3451 3478 348S 3525 3627# 


UVTEO 3S95 4018 4825 4028 4039 4887 4154# 

CGO 2986 3802# 

CGONB 3819 3838# 

CGOPflT 3822 3025# 

CGOSS 3021 3034# 

CGOTRfi 3823 3833# 

CGOUB 3028 3026# 

CHflRCR 3393# 4119 


CHflRIN 3417 

3549 

3699 

3749# 





CHHRLF 3394# 

4121 







CHRRNO 598# 

1313 

1343 

1378 

5648 

5871 

5887 

5990 

CHflRO 3891 

3896 

3977 

3980 

4031 

4037 

4120 

4122 

CHKERR 3577 

3598# 







CHKSUn 803# 

3428 

3566 

3573 

3664 

3665 

3860 

4074 

CI0 4531# 

4531 

4532 






CIl 4533# 

4533 

4534 

4536 





CI2 4537# 

4585 







CI3 4539 

4542# 







CI4 4541 

4545# 







CIN 3749 

4529# 







CK5M0K 3551 

3578# 







CLEHR 1974 

5878# 







CLRBFT 534# 

6519 

6520 






CMDINT 1836 

1842 

1845 

1855# 





CHPMflS 3871 

4673 

5343# 






CMPRET 5395# 








CNTRLZ 3395# 

3418 

3428 

3895 





CNTTBL 3077 

3080# 







CNTTRfi 3083 

3084 

3891# 






COl 4427# 

4475 







C02 4427 

4430# 







C03 4429 

4433# 







CODEBL 199# 

1398 

1526 

1945 

2155 

2232 

2298 

2365 

3769 

3919 

4104 

4139 

4178 

4232 

4358 

4493 

5412 

5759 

5838 

5907 

6831 

6189 

6183 

6257 


4392# 

4081 4155 4156 


2516 

2649 

2677 

3146 

3397 

3615 

3683 

3733 

4618 

4693 

4722 

4915 

5136 

5223 

5262 

5307 

6334 

6400 

6475 

6540 

6611 

6684 

7006 

7072 


COnCBR 2407 2432# 

Cm-ll 1428 1432 2426 4639# 

COmOR 2429 2992# 

COnSBR 2406 2436# 

COMSIZ 1596 1899# 

CTflB 1557 1898# 

CtJRDIG 928# 5478 5484 5647 5648 

DRTflBL 244# 1332 1875 6766 6825 6883 6944 

DHTO 4029 4833# 

DRTOl 4034# 4060 

OBLflNK 2215 5872# 5874 

DBPNT 2036 2885# 

DBRK 1519# 1924 

DCB 2045 2106# 

DOABRK 2053 2122# 

DOmEH 2049 2116# 
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DtBNCE 6381 


DECLflR 178# 

584 

680 

616 

632 

648 

678 

685 

780 

715 

739 

756 

773 

790 

807 

824 

Cl^O 

869 

898 

9U 

932 

964 

973 

982 

991 

1800 

1889 

1818 

102? 

1036 

1045 

1854 

1863 

1072 

1881 

1098 

1099 

U08 

m? 

1126 

1135 

1144 

1153 

1162 

1171 

1188 

1189 

1198 

1207 

1216 

1225 

1234 

1243 

1252 

1261 

1278 

1279 

1288 

1297 

4216 






DtCSHl 5286 5291# 

OeCSm 2638 52821 

DELW 3105 60591 

DELflSl 60771 6092 
DERROR 2033 2063# 

DFILL 2040 2096# 

DGO 2839 2094# 

DGPfiTS 5943 5996# 

DGR 2846 2188# 

DINTRG 2051 2124# 

DLST 2041 2898# 

DHOD 2838 2892# 

DNOBRK 2855 2129# 

DONE 3419 3595# 

OPfl 2058 2135# 

DPRBRK 2052 2128# 

DPRHEN 2048 2114# 

DREC 2042 2108# 

DRa 2043 2102# 

DRH 2858 2U0# 

DRUN 2835 2878# 

D58 2844 2184# 

DSGNON 2834 2878# 

DSPfiCC 2276 2279 2281 2328 2564 2566 5942# 

DSPHI 2268 2276# 

D5PL0 2275 2288# 

USPHl 2273 2279# 

DSPHID 2277# 3375 
D5PTIN 1041# 3180 
DSn HP 820# 5948 5967 

DSS 2057 2133# 

DTR 2059 2137# 

DWRK 2056 2131# 

ELSIFl 2186 a88 2282# 

EL5IF2 2284 2287 2213# 

EHRHI U48# 5390 
EHRLU 1131# 5364 
ENBLNK 529# 3197 6381 

ENBRflH 528# 3197 6388 

ENDFl 3888# 3893 
ENDFIL 3872 3884# 

ENDREC 4064# 

EOFREC 3887 3901# 

ETflCC 969# 2977 3219 3374 4884 5104 

EPGRK 1425 3183 6458 6456 6589# 

EPCNT 2921# 3107 3125 

EPCOm 2785 2806# 

EPCONT 2728 2783# 

EPFET 3319 3343 4852 6223# 

EPPRSS 2937 2952 2967 2982 3205 3224 3243 3262 6237 6239 6248 6298 6314 6315 6378# 

EffCHI 1014# 2779 2914 3362 3378 

EPPaO 1005# 2752 2821 3335 
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EPPSH 9781 

oooa 

2847 

2982 

2947 

3257 3292 

EPR8 996* 

2932 

3276 

4863 



Efm 3042 

6445 

6519# 




EPRET 3118 

3122 

3129# 




EPRSET 536# 

1433 

2994 

2996 

6449 

6453 

EPRUN 2424 

2712# 





EPRUNl 3046# 

3051 





EFRUN2 3058 

3862# 





EPRUN3 3849 

3856# 





EPRUN4 3828 

3031 

3039# 




EPRUN5 3057 

3115# 





EPRUN6 3881 

3882 

3119# 




EPSSTP 532# 






EPSTEl 6447# 

6448 





EPSTE2 6447 

6456# 





EPSTEP 2984 

3194 

3198 

6382 

6445# 


EPSTOR 2874 

2928 

3348 

3369 

5053 

6297# 

EPTIMR 987# 

2962 

3238 




ERROR 748 

765 

782 

799 

816 

833 861 882 983 924 945 

ERR0R2 2324 

2349# 





DVm 2541# 

2616 





EXnm 2681 

2618# 





EXflrC 2619 

2622# 





DCnrG 2624 

2627# 





EXRH4 2629 

2632# 





EXRH5 2618 

2613# 





EXflHIN 2418 

2548# 

2626 

2631 



Wm 555# 






rOUHPl 3978 

3996# 





FDUNP2 4826 

4830# 





FDUHP3 4835 

4038# 





H)UMP4 4864 

4888# 





FDUHP5 4034 

4036# 





FINDOP 1598# 

1688 





G0T6L 3816 

3819# 





H 1382# 

4288 

4325 




HBDl 4317 

4319# 

4319 




KBD2 4318# 

4339 





HBDLRS' 4257# 

4433 

4434 

4535 

453? 

4538 

HBITHI 1032# 

4273 





H0ITLO 1823# 

4388 





HDRTIN 3518# 

3547 





HEXRSC 4193# 

4388 





HEXBUF 1327# 

3864 

3875 

3956 

4833 


HEXNIB 4195 

4198# 





NFDONE 3885 

3898 

3894# 




HFILEO 2413 

2421 

3881# 

3878 



HRECIN 2416 

3417# 

3422 

3592 



HRECO 3877 

3884 

3955# 





HREGfl 18591 
HREGB 10681 
WEGC 1877# 

HREGD 1886# 

HREGE 10951 
HREGF 1184# 

IHFIEH 1855 23851 

INCSHR 1431 2625 3528 3873 4675 52381 
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INCU 5239« 

INCUl 5241 5246# 

INIT 14891 


INITLP 14181 1422 
INPflDl 21871 2188 


INPflDR 1835 

2178# 

2498 





INPKEV 1543 

1675 

1828 

1846 

2196 

2345 

2463 

INVflLS 1346# 

1381 

1417 





ITMP 786# 

1557 

1598 

1595 

1597 

1625 

1626 

1832 

1833 

1837 





JGORES 2488 

2429# 






JHPTBL 2385 

2399# 






JIOFIL 2482 

2426# 






JTOGO 2481 

2424# 






J10LST 2483 

2419# 






JTOMOD 2480 

2410# 






JTOREC 2484 

2412# 






JTOREL 2405 

2416# 






KBDBUF 1212# 

2334 

2348 

5639 

5811 

6161 


KBDIl 5801# 

5816 






KBDIN 2658 

5799# 






KBDPOL 3847 

3106 

6158# 





KCLRB 1515# 

1988 






KEY 769# 

1544 

1593 

1740 

1843 

2187 

2202 

2659 

2783 

3116 

3128 




KEVaR 1585# 

2323 

2628 





KEVDH 1584# 

1923 

192S 





KEV'END 1581# 

1545 

1844 

2286 

2347 

2461 

2618 

KTi-FIL 1499# 

1983 






KEVFLG 949# 

5533 

5671 

5682 




KB'GO 1512# 

1982 






KESIOC 1221# 

5558 

5644 

5668 

5666 



KEVLST 1510# 

1984 






YESWb 1513# 

1901 






KEStCO 1588# 

2283 

2623 

2734 

3121 



KESTAT 1583# 

1929 






KB-PM 1508# 

1923 

1926 





KENISC 1586# 

1905 






KEVREG 1589# 

1923 






KES%L 1582# 

1986 






KEVTRfl 1507# 

1929 






KGORES 1511# 

1909 






KSETB 1514# 

1907 






LflSTKS’ 907# 

5555 

5556 

5626 

5633 

5678 


LDftTft 752# 

1858 

2211 

2317 

2327 

2432 

2436 

3321 

3344 

3346 

3367 

3368 

3526 

3598 

4168 

4662 

4669 

4705 

5828 

5033 

5071 

LDBVTE 3867# 

3876 






LFEBRl 4897 

4899# 






LFEBRK 4780 

4781 

4890# 





LFEDfl 4777 

4797 

4813 

4832# 




LFEINT 4779 

4870# 






LFEPH 4776 

4783# 






LFER8 4851 

4854# 






LTEREG 4778 

4836# 






LFEIBL 4773 

4776# 






LFETCH 2561 

3867 

4784# 






2588 

2658# 

3115 

3119 

1646 

1647 

1785 

1712 1715 1725 1732 1761 1838 


2285 2322 2346 2468 2598 2597 2613 2622 2627 


3117 


2562 

2565 

2687 

2614 

2632 

2828 

2835 

2919 

3888 

3629 

3641 

3648 

3668 

3666 

3715 

3868 

4154 

4157 

5078 

5106 

5112 

6297 

6454 
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3iMnr wfw 

STRUTL 0019 STSflVE 0500 TCRLFO 01D2 TIINT 0/4E HHTTl 07fi8 lOFPOL 07flC flVOUT 0040 HTC 0037 

UPtm 017C UPOflDR 0178 VERSNO 0029 HBRK 0016 MDISP 0608 HOISPl 06EE XPCOOE 0007 XPTEST 0301 

ZERO 0000 

RSSEnBLV COrrUTE. NO ERRORS 
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ISIS-II nSSEHBLER SNtlJOL CROSS REFERCNCE, 

V21 



PfiGE 1 







?n 

105# 

1614 

1629 

1637 

1650 

1658 

1721 

1787 

1806 

1818 

1977 

1985 

1999 

2177 

2288 

2444 


2546 

2586 

2719 

2788 

2796 

2842 

2857 

2865 

2893 

2910 

2928 

2942 

2958 

2973 

2007 

3068 


2096 

2207 

2215 

2226 

2224 

3245 

3253 

2264 

3272 

2288 

3202 

3310 

2222 

3221 

3250 

3358 


2434 

2442 

2453 

2461 

3472 

3480 

3491 

2499 

3515 

2562 

3582 

2637 

3958 

2966 

3986 

4001 


4016 

4070 

4393 

4401 

4592 

4764 

4788 

4803 

4819 

4841 

4859 

4875 

4962 

4S«6 

5001 

5017 


5042 

5095 

5167 

5180 

5196 

5348 

5260 

5274 

5286 

5456 

5464 

5546 

5580 

5592 


5692 


5704 

5712 

5726 

5807 

5956 

6060 

6068 

6082 

6157 

6228 

6204 






TRSflVE 1235# 

5460 

5466 

5722 

5728 












?B 

1280# 

4412 

4413 

4412 

4419 

4459 

4469 

4569 

4579 








7G0PNT 

117# 

746 

754# 

763 

771# 

780 

788* 

797 

805# 

814 

822# 

831 

839# 




?B0R2 

U0# 

754 















?B0R3 

111# 

771 















?B8R4 

112* 

788 















?B8R5 

113# 

805 















?B0R6 

114# 

822 















?B0R7 

115# 

829 















7B1PNT 

126# 

859 

867# 

888 

888# 

901 

909# 

922 

920# 

943 

951# 






?B1R2 

119# 

867 















?B1R3 

120# 

888 















^?B1R4 

121# 

909 















?B1R5 

122# 

920 















?B1R6 

122# 

951 















?B1R7 

124# 
















7BC0DE 1162# 

1561 

1561 

1561 

1567 

1610 

1616 

2390 









7BIN0P 

415# 

1817 

2387 

2439 

2909 

2632 

5179 

5359 

5385 








7BITS0 4217# 

4411 















?BUFCN 1262# 

3428 

2444 

3511 

2517 

2522 

2542 

3962 

3968 

2982 

3988 

dddd 

4054 




7BUFLE 

649# 
















?CHRRN 

505# 

5876 















7CHKSU 

791# 

2426 

2426 

2426 

2558 

3564 

3571 

3571 

2858 

2858 

2858 

4066 

4072 

4079 

4079 


7C0NST 

104* 

585 

586 

590 

594 

601 

602 

606 

610 

617 

618 

622 

626 

623 

624 

628 


642 

649 

650 

654 

658 

671 

672 

676 

680 

686 

687 

691 

695 

701 

702 

706 


710 

716 

71? 

721 

725 

4217 

4218 

4222 

4226 








7CURDI 

912# 
















7DEBNC 

617# 
















?I>SPTI 

1027# 

2092 

2098 














TOSPTW 

800# 
















TDViHI 1126# 

5388 















TDWLO 1127# 

5262 















TEPnCC 

965# 

2969 

2975 

3211 

3217 












7EPPCH 1010# 

2761 

2777 

2912 

2254 

2260 











?EPPa 1001# 

2734 

2750 

2806 

2814 

2819 

232? 

2232 









7EPPSH 

974# 

2792 

2798 

2839 

2845 

2894 

2900 

2939 

2945 

2249 

3255 

3284 

3290 




?EPR0 

992# 

2924 

2920 

2268 

3274 

4855 

4861 

5060 

5082 








TEPTIN 

982# 

2954 

2960 

2230 

3236 












TFORHl 

295# 

1615 

1624 

1655 

1688 

1695 

1722 

1745 

1788 

1807 

1819 

1982 

2000 

2013 

2178 

2389 


2441 

2445 

2547 

2587 

2720 

2725 

2742 

2762 

2769 

2793 

2811 

2818 

2844 

2862 

2877 

2899 


2911 

2929 

2944 

2959 

2974 

3008 

2069 

3097 

3212 

3221 

2250 

3269 

3289 

3207 

3228 

3355 


2429 

3458 

2477 

2496 

2516 

3531 

3563 

3584 

3634 

2638 

3807 

3814 

3824 

3841 

3963 

2987 


4002 

4017 

4042 

4071 

4263 

4270 

4290 

4297 

4322 

4398 

4439 

4458 

4550 

4568 

4593 

4645 


4652 

4765 

4789 

4804 

4820 

4842 

4860 

4876 

4963 

4987 

5002 

5018 

5042 

5061 

5068 

5096 


5168 

5181 

5137 

5349 

5361 

5275 

5387 

5461 

5504 

5547 

5581 

5597 

5616 

5623 

5693 

5709 


5727 


5957 

5971 

6065 

6084 

6153 

6229 

6305 








7F0RH2 

319# 

1628 

1659 

1692 

1702 

1986 

2729 

2749 

2766 

2776 

2797 

2815 

2825 

2866 

3216 

3235 


2254 

3273 

3311 

2332 

3359 

2442 

2462 

2481 

3500 

3811 

3821 

3828 

3848 

3967 

4267 

4277 


4294 

4204 

4402 

4649 

4659 

5065 

5081 

5465 

5601 

5620 

5636 

5712 

6069 




TORfC 

229# 

1755 

2022 

2452 

2887 

3541 

3651 

4053 

4332 

4449 

4468 

4560 

4578 

5520 

5981 


All mnemonics copyrighted © Intel Corporation 1976. 
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?rORH4 356# 


7F0RI15 3881 

1560 

1576 

16U 

1630 

1651 

1684 

1718 

1768 

1784 

1883 

1978 

1996 

2174 

2258 

2331 

2466 

2484 

2543 

2583 

2716 

2731 

2758 

2789 

2807 

2848 

2858 

OOCK 

2925 

2940 

2965 

2970 

3084 

3865 

3893 

3208 

3227 

3246 

3265 

3285 

3303 

3324 

3351 

3425 

3435 

3454 

3473 

3492 

3512 

3559 

3588 

3883 

3838 

3857 

3959 

3983 

3998 

4813 

4867 

4259 

4286 

4394 

4412 

4589 

4641 

4761 

4785 

4888 

4816 

4838 

4856 

4872 

4959 

4983 

4998 

5014 

5039 

5057 

5892 

5164 

5193 

5345 

5371 

5457 

5543 

5577 

5593 

5612 

5657 

5675 

5689 

5705 

5723 

5884 

5877 

5953 

6861 

6888 

6154 

6225 

6381 












?H 1298# 

4262 

4278 

4323 

4333 












7HBITH 1828# 

4258 

4266 

4271 













?HBITL 1819# 
7HEXBU 1324# 
?HREGR 1855# 

4285 

4293 

4298 













?f«EGB 1864# 
THREGC 10?3# 
?KREGD 1882# 
?if£GE 1091# 
7HRE8F 1188# 
?IT«P ?74# 

1687 

1703 

1710 

1710 

1717 

1723 

1730 

1730 








7KBD0U 1288# 

2332 

2332 

2332 

2338 

5615 

5637 

5883 

5889 

6153 

6159 






7ICEV 757# 
7KEVFL 933# 

2582 

2588 

2595 

2595 












7KEVL0 1217# 

5542 

5548 

5658 

5658 

5658 

5664 










TLflSTK 891# 

5611 

5619 

5624 

5631 

5631 

5676 

5676 

5676 








TLDflTfi 748# 

2818 

2826 

2833 

2833 

3633 

3639 

3646 

3646 

3652 

3658 

3658 


4660 

4667 

4667 

5856 


5869 

5076 

5076 












7LENGT 1333# 

1388 

1399# 

1442 

1527# 

1866 

1876# 

1936 

1946# 

2146 

2156# 

2223 

2233# 

2289 

2299# 

2356 

2366# 

2507 

2517# 

2648 

2658# 

2667 

2678# 

3137 

3147# 

3383 

3398# 

3686 

3616# 

3674 

3684# 

3r23 

3734# 

3758 

3778# 

3909 

3928# 

4095 

4185# 

4138 

4140# 

4169 

4179# 

4286 

4233# 

4348 

4359# 

4484 

4494# 

4608 

4619# 

4684 

4694# 

4713 

4723# 

4906 

4916# 

5127 

5137# 

5213 

5224# 

5253 

5263# 

5298 

5388# 

5482 

5413# 

5750 

5768# 

5829 

5839# 

5898 

5908# 

6822 

6832# 

6108 

6n8# 

6173 

6184# 

6248 

6258# 

6323 

6335# 

6391 

6481# 

6464 

6476# 

6538 

6541# 

6681 

6612# 

6675 

6685# 

6748 

6767# 

6816 

6826# 

6874 

6884# 

6935 

6945# 

6996 

7887# 

7863 

7073# 

7123 







TtCHHI U54# 

3886 

3822 

3997 

4083 












TTEnO 1145# 

3833 

3849 

4012 

4818 

4648 

4648 

4653 









?t11M>X 156# 

967 

971# 

971 

976 

988# 

988 

985 

989# 

989 

994 

998# 

998 

1883 

1887# 

1887 

1812 

1816# 

1816 

1021 

1825# 

1025 

1038 

1834# 

1034 

1039 

1843# 

1843 

1848 

1052# 

1052 

1057 

1861# 

1861 

1866 

1878# 

1078 

1075 

1879# 

1079 

1884 

1888# 

1888 

1093 

1097# 

1897 

1182 

n06# 

1186 

1111 

1115# 

1115 

1128 

1124# 

1124 

1129 

1133# 

1133 

n38 

U42# 

n42 

n47 

n5i# 

nsi 

1156 

1168# 

1160 

1165 

1169# 

1169 

n74 

n78< 

n78 

n83 

n87# 

n87 

1192 

1196# 

1196 

1281 

1285# 

1285 

1218 

1214# 

1214 

1219 

1223# 

1223 

1228 

1232# 

1232 

1237 

1241# 

1241 

1246 

1258# 

1258 

1255 

1259# 

1259 

1264 

1268# 

1268 

1273 

1277# 

1277 

1282 

1286# 

1286 

1291 

1295# 

1295 

1388 

1384# 

1384 

1389 

1313# 

1313 

1317 

1321# 

1321 

1325 

1329# 

1329 





'^flSflVE 158# 

587 

683 

619 

635 

651 

673 

688 

703 

718 

742 

759 

776 

793 

818 

827 

851 

872 

893 

914 

935 

967 

976 

985 

994 

1883 

1812 

1821 

1038 

1839 

1048 

1057 

1866 

1075 

1084 

1093 

ue2 

nil 

1120 

1129 

1138 

n47 

n56 

n65 

n74 

n83 

1192 

1281 

1210 

1219 

1228 

1237 

1246 

1255 

1264 

1273 

1282 

1291 

1388 

1389 

1317 

1325 

4219 


7NC0LS 601# 
7NEG1 716# 

2338 

5674 














7NEXTP 1139# 

2251 

2251 

2251 

2257 

5878 

5878 

5878 

iWCrr 

5952 

5958 

5972 

5982 




7NREPT 1226# 

5576 

5582 

5596 

5602 












?NUnCO 1181 # 

1654 

1660 

2173 

2179 

2467 

2467 

2467 

2473 

2715 

2721 






?OPTIO 1198# 
70VBUF 1316# 
70VSIZ 633# 

1633 

1639 

1683 

1691 

1696 

1783 

1789 

1882 

1888 







7PLUS1 686# 

2465 















7PLUS3 781# 

2249 
















All mnemonics copyrighted © Intel Corporation 1976. 
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?R1 99# 

4289 

4385 

4312 

4312 












im 183# 

965 

966 

974 

975 

983 

984 

992 

993 

1801 

1082 

1818 

1811 

1819 

1028 

1028 

1829 

1837 

1038 

1046 

1847 

1855 

1856 

1064 

1865 

1073 

1874 

1882 

1083 

1891 

1892 

U08 

1101 

1109 

1110 

1118 

1119 

1127 

1128 

1136 

1137 

1145 

1146 

1154 

1155 

U63 

1164 

1172 

1173 

1181 

1182 

1198 

1191 

1199 

1200 

1288 

1289 

1217 

1218 

1226 

1227 

1235 

1236 

1244 

1245 

1253 

1254 

1262 

1263 

1271 

1272 

1280 

1281 

1289 

1290 

1298 

1299 




?RB8 181# 

748 

741 

745 

757 

758 

762 

774 

“775 

779 

791 

792 

796 

808 

889 

813 

825 

826 

830 














?R81 182# 

849 

850 

854 

858 

870 

871 

875 

879 

891 

892 

896 

900 

912 

913 

917 

921 

933 

934 

938 

942 












TRDEin 1244# 


5694 

5708 

5714 

6864 

6078 

6079 

6085 








TRECPi' 1271# 

3495 

3581 

3579 

3585 












?fiEGC 1289# 

4397 

4483 

AAACt 

4458 

4551 

4561 

4508 

4594 








?ROTCN 878# 
















?ROTPft 849# 

5505 

5512 

5512 

5521 

5527 

5527 










TRSftVE 144# 

591 

595 

607 

611 

623 

627 

639 

643 

655 

659 

677 

681 

692 

696 

707 

711 

722 

726 

746 

763 

788 

79? 

814 

831 

855 

859 

876 

880 

897 

901 

918 

922 

939 

943 

4223 

4227 












TSEGNR 1388# 
















7SIZE 255# 

1383 

1437 

1861 

1931 

2141 

2218 

2284 

2351 

2582 

2635 

2662 

3132 

3378 

3681 

3669 

3718 

3753 

3984 

4898 

4125 

4164 

4281 

4343 

4479 

4683 

4679 

4708 

4901 

5122 

5208 

5248 

5293 

5397 

5745 

5824 

5893 

6017 

6095 

6168 

6243 

6318 

6386 

6459 

6525 

6596 

6678 

6743 

6811 

6869 

6938 

6991 

7858 

7118 











TSnmi 1118# 

2485 

2485 

2485 

2491 

2757 

2765 

2770 

3457 

3463 

3882 

3810 

3815 

4784 

4790 

4982 

4988 

5182 

5370 

5376 













?SNRLO U89# 

2738 

2738 

2743 

2861 

2867 

2878 

2888 

3386 

3312 

3476 

3482 

3829 

383? 

3842 

4799 

4885 

4815 

4821 

4837 

4843 

4871 

4877 

4997 

5083 

5813 

5019 

5838 

5844 


5897 

5192 

5198 

5344 

5358 

6224 

6238 

6388 

6386 










TSTflRT 1339# 

1383 

1383 

1391 

1485# 

1437 

1437 

1445 

1533# 

1861 

1861 

1869 

1882# 

1931 

1931 

1939 

1957# 

2141 

2141 

a49 

2162# 

2218 

2218 

2226 

2244* 

2284 

2284 

2292 

2318# 

2351 

2351 

2359 

2382# 

2582 

2502 

2510 

2533# 

2635 

2635 

2643 

2656# 

2662 

2662 

2670 

2699# 

3132 

3132 

3148 

3173# 

3378 

3378 

3386 

3414# 

3601 

3681 

3689 

3622# 

3669 

3669 

3677 

3695# 

3718 

3718 

3726 

3745# 

3753 

3753 

3761 

3796# 

3984 

3984 

3912 

3951# 

4890 

4898 

4898 

4116* 

4125 

4125 

4133 

4151# 

4164 

4164 

4172 

4198# 

4281 

4281 

4289 

4254* 

4343 

4343 

4351 

4385# 

4479 

4479 

4487 

4525# 

4683 

4603 

46U 

4635# 

4679 

4679 

4687 

4788* 

4708 

4708 

4716 

4754# 

4901 

4981 

4909 

4952# 

5122 

5122 

5130 

5158* 

5288 

5288 

5216 

5235# 

5248 

5248 

5256 

5279# 

5293 

5293 

5301 

5334# 

5397 

5397 

5485 

5449# 

5745 

5745 

5753 

5791# 

5824 

5824 

5832 

5865# 

5893 

5893 


5939# 

6017 

6017 

6025 

6053* 

6895 

6095 

6183 

6146# 

6168 

6168 

6176 

6228# 

6243 

6243 

6251 

6294# 

6318 

6318 

6326 

6371# 

6386 

6386 

6394 

6437# 

6459 

6459 

6467 

6512* 

6525 

6525 

6533 

6582# 

6596 

6596 


6653# 

6670 

6678 

6678 

6726# 

6743 

6743 

6751 

6773# 

6811 

6811 

6819 

6832# 

6869 

6869 

6877 

6890# 

6938 

6930 

6938 

6951# 

6991 

6991 

6999 

7848# 

7058 

7058 

7866 

7114# 

7U8 

7118 

7126 













TSTRTH 1253# 

1981 

1987 

1995 


2814 

2024 










?TS'PE 1172# 

1577 

1577 

1577 

1583 

1746 

1756 

1769 

1769 

1769 

1775 

1828 

2448 

2446 

2453 

2542 

2548 

3883 

3889 

3864 

3878 

4768 

4766 

4958 

4964 

5163 

5169 






TliNRRV 459# 

1744 

2812 

2876 

3538 

4842 

4321 

4438 

4457 

4549 

4567 

5503 

5978 





?VERSN 18461 
?XPCOD 825# 

r^ERO 671# 1K9 1575 1767 2483 3424 3856 56b6 

flFETCH 4704 47591 

ASRVE 12391 5468 5738 

flSCERR 3784 3711 37151 

B 1284# 4415 4421 4461 4529 4571 

BCOC€ 1167# 1563 1569 1598 1618 2392 

eiTSO 4238# 4422 

BRKEND 2462 2580# 

BRKERR 3888 3888# 


AH mnemonics copyrighted ® Intei Corporation 1976. 
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LX OBJ 

LINE 

7243 

SOURCE STRTEMENT 

END 





USER' SVHBOLS 

?R 8004 

7050VE 0002 

?B 0002 

760PNT 0008 

?G0R2 0003 


7B0R4 0005 

7B0R5 0006 

nOODC 000*7 

7B8R7 0008 

TtdPNT 0007 

?B1R2 0003 

?61R3 0004 

?Blk4 0005 

?B1RS 0006 

781R6 000? 

?eiR7 0008 

7BC00E 0002 

7BIN0P 0022 

7BITS0 0003 

7BUFCN 0002 

?BUFL£ 0003 

TCHARN 0003 

7CHKSU 0000 

7C0N5T 0003 

7CURDI 0001 

7DEBNC 0003 

TOSPTI 0002 

TDSPTN 0000 

TENRNI 0002 

TENRLO 0002 

7EPAX 0002 

7EPPCH 0002 

?EPPa 0002 

TEPPSU 0002 

?EPR0 0002 

7EPTIH 0002 

7F0RH1 0016 

'ffORN2 0018 

7F0RM3 00in 

7F0RW4 001C 

7F0RH5 001E 

?H 0002 

THBIIH 0002 

7HBITL 0002 

7NEXBU 0003 

VHREGA 0002 

7HREX 0002 

?HREX 0002 

7HREGD 0002 

?HREX 0002 

mGF 0002 

?ITNP 0000 

7KB0GU 0002 

?KLV 0000 

TKESTT. 0001 

VKEVLO 0002 

7L0STK 0001 

7LDBTR 000a 

'AJtm 000D 

7NENH1 0002 

?NEMLO 0002 

7HIN0X 0075 

'^ttSAVE 0001 

7NC0LS 0003 

?NEG1 0003 

7NEXTP 0002 

7NREPT 0002 

7NUNC0 0002 

70PTI0 0002 

70VBUF 0003 

70VSIZ 0003 

TPLUSl 0003 

7PLUS3 0003 

?R1 0000 

?RflN 0002 


m 0001 

7R0ELA 0002 

7REC1V 0002 

?REX 0002 

?ROTCN 0001 

TROTPfl 0001 

7RSAVE 0000 

TSEGHR 0003 

?SIZE 000E 

VSHAHI 0002 

7SNAL0 0002 

TSTflRT 03X 

7STRTH 0002 

7TVPE 0002 

TUNflRV 002R 

7VERSN 0002 

7XPC00 0000 

7ZER0 0003 

AFETCH 0678 

RSRVE 003E 

RSCERR 01C9 

8 0043 

BCODE 0036 

81TS0 000B 

BRKEND 0240 

BRKERR 04A6 

BRKFIL 022E 

BRKNXT 0234 

BUFCNT 0041 

BUFLEN 0010 

BVTEIl 00F2 

BYTEIN 00F0 

BVTEO 01OB 

CGO 0466 

CGONB 047C 

CGOPflT 0476 

CGOSS 0480 

CGOTRA 0480 

CGOUB 0476 

CKRRCR 0000 

OmU 01CO 

CHRRLF 0008 

CHARNO 0008 

CHRRO 05BD 

CHKERR 82E1 

CHKSUn 0005 

CI0 064D 

CIl 0651 

CI2 0659 

CI3 0662 

CI4 0665 

CIN 0649 

UCSHOK 02DB 

CLEflR 05F1 

CLRBFT 0008 

CNOINT 00BR 

OfUfiS 05E2 

CNPRET 05F0 

CN1RLZ 001A 

CNTTBL 0401 

CNTTRA 0400 

COl 85C5 

C02 05C& 

m 05CF 

CODEBL 0006 

COnCBR 0228 

COtf^lL 02E5 

COnOOR 0461 

C0N5BR 022C 

CONSIZ 0003 

CTRB 0023 

CUROIG 0005 

08TABL 00X 

DATO 062C 

DATOl 062E 

DBUVK 05F5 

DBPNT 0144 

DBRK 0015 

DCB 015fl 

DORBRK 0167 

DOmEN 0161 

DEBNCE 08X 

XCLAR 0003 

DECSHl 02FF 

DECSHR 02F4 

DELNS* 04F2 

Dami 04F5 

DCRROR 0131 

OFILL 0146 

OGO 0149 

OGPATS 00EF 

DGR 015D 

DINTRG 0169 

OLST 014E 

mx> 0146 

DNOBRK 016B 

DONE 02E0 

DPA 0172 

OPRGRK 0165 

DPIW1 01Sr 

DREC 0151 

OREL 0154 

DRH 0163 

ORUN 013E 

OSe 0157 

OSGNON 0137 

OSPAX 0603 

mi 018E 

DSPLO 0194 

DSPHl 0192 

DSPNID 0190 

OSPTIH 0028 

OSPTHP 0006 

OSS Bia- 

OIR 0175 

DHBRK 016D 

ELSIFl 0007 

ELSir2 00E5 

ENRHI 0033 

ENRLO 0032 

ENBLNK 0002 

ENBRAN 0001 

ENDFl 059E 

ENDFIL 0596 

ENDREC 0641 

EOFREC 05aE 

EPXC 0020 

EPBRK 034F 

EPCNT 8441 

EPCONl 041F 

EPCONT 0415 

EPTET 07B7 

EPP0SS 0700 

EPPDII 0025 

EPPaO 0024 

EPPSU 0021 

EPR0 0023 

EPRa 07F4 

EPRET 04C7 

EPRSET 0010 

EPRUN 0400 

EPRUNl 048R 

EPRUN2 0499 

EPRUN3 0495 

EPRUN4 0482 

EPRUN5 0483 

EPRUN6 0488 

EPSSTP 0004 

EPSTEl 07OF 

EPSTE2 07F1 

EPSTEP 07DB 

El-STOR 07C3 

EPTINR 0022 

ERR0R2 0166 

EX8N0 0250 

EXm 027B 

EX0K2 0281 

EXfVG 028R 

EXnm 0293 

LXnnS 0275 

EXRHIN 024F 

EXPNON 0080 

FOUNPl 0617 

FDUf>2 0628 

FDUnP3 0636 

FDUNP4 0648 

FDUNP5 X32 

FINDOP 0042 

GOTCL 0471 

K 0045 

HBOl 0407 

10)2 04D5 

HBDL0V 04C9 

HBITHI 0027 

WITLO 0026 

HDRTIN 02B9 

HEXRSC 01E6 

HEXBUF 0065 

HEXNIB 01EF 

HFDONE 0507 

HFILEO 0572 

HRECIN 0^7 

HRECO 0600 

KREGA 0028 

HRLGB 0028 

HREX 002C 

HREGO 0020 

HREGE 002E 

HREGF 002F 

llfflEN 0200 

INCSNR 01F2 

INCH 01F4 

INCHl 01FC 

INIT 0000 

INITLP 000E 

INPRBl 0X7 

INP0DR 00C0 

INPKES* O0CC 

1NVRL5 0300 

ITNP 0004 

JGORES 0226 

JNPTBL 0206 

JTXIL 0222 

JTOGO 0220 

JTOLST 0210 

JTOnOD 020F 

JTOREC 0211 

JTORa 0216 

KBDBUF 0038 

KBDIl 06C6 

KBOIN 06C2 

KBDPOL 070F 

KCLRB 00X 

KEY 0003 

KEVaR 0017 

tOIVDN 0016 

KEMNO 0013 

KEVFIL 0010 

KEVFLG 0006 

KLSIjO 001E 

KEM.X 003C 

KEVLST 001C 

KLSYfOD 001F 

KEVNXl 0012 

KESTOT 0015 

KESPH 001A 

KESREC 0018 

KEVREG 001B 

KEVRa 0014 

KLVTRH 0019 

KGORES 0010 

KSETB 008B 

LRSTKY 0004 

LDATA 0002 

L08VTE 0582 

LFEBRl 06C1 

LFEBRK 06G1 

LFEDff X98 

LFEINT 06R9 

LFEPN 0684 

LFER0 06A5 

LFEREG 06X 

LFEIBL 067E 

LFETCH 00FC 

LFILL 02E9 

LFim 02F3 

LPGSa 04E1 

L5TGR1 0746 

LSTGR2 0748 

LSTBRK 0730 

LSTDN 0721 

LSlINT 0734 

LSTORE 0700 

LSTPH 07X 

LSTR0 072F 

LSTREG 0726 

LSTTBL 0706 

N0 0010 

HI 0020 

HRDD 8024 

NRDX 0825 

miN 0029 

nRIN2 0033 

NRINR 0052 

HRINB 0069 

riRINB0 009E 

HAINBl 0080 

NRINCl 0875 

HRIND 0093 

mim 0087 

NRNL 0026 

NBLOCK 0082 

NDEC 002C 

HOJNZ 0020 

HEHHI 0035 

HENLO 0034 

HERROR 00X 

HINC 002B 

mOl 036F 

mov 0020 

HOOOUT 0020 

NORL 0027 

HPUSa 0040 

m. 002E 

NRLC 0031 

HRR 002F 

NRRC 0030 

NXCH 0029 

rm. 0028 

NCOLS 0004 

NEGl FFFF 

NEXTPL 0030 

NIBI3 01C2 

NIBIN 01B8 

NIBIN2 016fl 

NIX 05B8 

NOBRK 001B 

NOVRLS 0023 

NREPTS 0030 

NUNCON 0038 

NXTLX 0768 

OPTRBl 033r 

0PTflB2 0346 

XTflB3 0349 

OPTION 0039 

ORGPG0 0100 

ORGPGl 01FO 

0RGPG2 0300 

0RGPG3 03E9 

0RGPG4 04FD 

0RGPG5 05FF 

0RGPG6 06FF 

0RGPG7 07FD 

OUTCLR 0102 

OUmSG 0104 

OUTUTL 0108 

OV0GRS 0378 

OVIBI 000R 

0V1B2 0313 

0V16RS 03A4 

0V2bl 0313 

0V2BRS 0388 

0V381 0311 

OV3B0S 038E 

OVBUF 004E 

OVLORD 0368 

OVSIZE 0017 

OVSUl 0361 

OVSURP 035A 

P6RK 0019 

PDIGIT 000E 

PERROR 0190 

PG5I2E 00FD 

PINPUT 000B 

PLU51 0001 

PLUS3 0003 

FRNTl 0U7 

PRNT2 01X 

PSEGHI 0000 


All mnemonics copyrighted © Intel Corporation 1976. 
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APPENDIX C 
COMMAND SUMMARY 

The following Is a summary of the commands Im¬ 
plemented by the HSE-49 emulator monitor. Within each 
command group, tokens in each column indicate op¬ 
tions the user has when invoking those commands. 

Tokens in square brackets indicate dedicated keys on 
the keyboard (some keys having shared functions): 
angle brackets enclose hex digit strings used to specify 
an address or data parameter. Parameters in paren¬ 
theses are optional, with the effects explained above. 
The notation used Is as follows: 

<SMA> — Starting Memory Address for block command, 

<EMA> — Ending Memory Address for block command, 

<LOC> — Location for individual accesses, 

<DATA> - DATA byte. 

Asterisks (*) indicate the default condition for each 
command; thus that token is optional and serves to 
regularize the command syntax. 


Program/data entry and verification commands: 

[EXAM] [PROG MEM]- <LOC> [,] [NEXT] 

[DATA MEM] [PREV] 

[REGISTER] [.] 

[HWRE REG] 

[PROG BRK] 

[DATA BRK] 

Program/data initialization commands: 

[FILL] [PROG MEM]- <SMA> (,] <EMA> [,] <DATA> [.] 

[DATA MEM] 

[REGISTER] 

[HWRE REG] 

[PROG BRK] 

[DATA BRK] 

Intellec® development system or TTY interface com¬ 
mands (for transferring HEX format files): 

[UPLOAD] [PROG MEM]- <SMA> [,] <EMA> [.] 

[DATA MEM] 

[REGISTER] 

[HWRE REG] 

[PROG BRK] 

[DATA BRK] 

[DNLOAD] [PROG MEM]* [.] 

[DATA MEM] 

[REGISTER] 

[HWRE REG] 

[PROG BRK] 

[DATA BRK] 

Formatted data dump to TTY or CRT: 

[LIST] [PROG MEM]* <SMA> [,] <EMA> [.] 

[DATA MEM] 

[REGISTER] 

[HWRE REG] 

[PROG BRK] 

[DATA BRK] 


Program execution commands: 

[GO] [NO BREAK]* (<SMA» [.] 

[W/ BREAK] [,] 

[SING STP] 

[AUTO BRK] 

[AUTO STP] 

[GO/RST] [NO BREAK]* [.] 

[W/ BREAK] 

[SING STP] 

[AUTO BRK] 

[AUTO STP] 

Breakpoint setting and clearing: 

[SET BRK] [PROG MEM]* <LOC> a.] <LOC> ...) [.] 

[DATA MEM] 

[CLR BRK] [PROG MEM]* <LOC> ([,] <LOC> ...) [.] 

[DATA MEM] 

APPENDIX D 
ERROR MESSAGES 

The following error message codes are used by the 

monitor software to report an operator or hardware er¬ 
ror. Errors may be cleared by pressing [CLR/PREV] or 

[END/.]. The format used for reporting errors is 

“Error-.n” where “n” is a hex digit. 

Operator Errors 

1. Illegal command initiator. 

2. Illegal command modifier or parameter digit. 

3. Illegal terminator for Examine command. 

4. Illegal attempt to clear Error mode. 

5-9. Not used. 

Hardware Errors 

A. ASCII error — non-hex digit encountered in data 
field of hex format record. 

B. Breakpoint error. Break logic activated though break¬ 
points not enabled. 

C. Hex format record checksum error. Note — the 
checksum will not be verified if the first character of 
the checksum field is a question mark (“?’’) rather 
than a hexidecimal digit. This allows object files to 
be patched using the ISIS text editor without the 
necessity of manually recomputing the checksum 
value. 

D. Not used. 

E. Execution processor failed to respond to a command 
or parameter passed to it by the master processor. 
EP automatically reset. EP internal status may be 
lost. Program memory not affected. 

F. Not used. 


All mnemonics copyrighted© Intel Corporation 1976. 
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Microcontrolier includes a-d converter 
for lowest-cost analog interfacing 

Adding hardware for analog-to-digital conversion 
to a single-chip microcomputer cuts interface software 
and component count for high-volume control applications 


by W. Check, E. Cheng, G. Hill, M. Hollen, and J. Miller, mteicorp.. Santa ciara, cant 


□ Microcomputers’ plunging size and cost are creating 
a rising new market: low-cost controllers that end up in 
automobiles, appliances, and consumer products. Now 
that the technology is available to integrate a high- 
performance 8-bit analog-to-digital converter and a 
microcomputer on a single chip, the tremendous need for 


low-cost analog interfacing has hastened the develop¬ 
ment of just such a device: the 8022. By integrating the 
a-d converter and other useful features, the chip achieves 
the minimum system cost possible for high-volume 
controller applications involving analog signals. 

The heart of the 8022 is the 8021 general-purpose 



1. All aboard. The first single-chip microcomputer with a built-in 8-bit analog-to-digital converter is Intel's 8022. Around a foundation of the 
8021. the chip packs several features that suit it to control applications: two multiplexed analog inputs, a zero-crossing detector, two 7-mA 
digital outputs that are part of Port 1. and a total of 26 digital input/output lines, eight of which have voltage-comparator inputs. 


Reprinted from Electronics/ May 25.1976 

Copyright Cahners Publishing Co., Inc. 1977. All rights reserved. 
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SELAN, 

SELANi 


ANALOG 

MULTIPLEXER 


RESISTIVE 

LADDER 


SAMPLE AND 
HOLD 


VOLTAGE \ 
COMPARATOR ^ 


SUCCE8SIVE- 

APPROXMlAtlON 

REGISTER 


CONVERSION-RESULT 

REGISTER 


INTERNAL BUS 


2. The conv«rtw. The 8022's a-d converter uses successive approximation. A multiplexer selects either of two inputs, which is sampled and 
held. The successive-approximation register holds a byte that taps off a voltage from a 256-resistor divider through decoding logic. Input Is 
compared with tapped voltage; when the two are equal, the held byte is sent to the conversion-result register. 


microcomputer with built-in read-only and random- 
access memories, which go a long way since many func¬ 
tions are carried out in hardware or require minimal 
software. The 802 Ts modular design facilitates its use as 
a cornerstone for more highly integrated designs like the 
8022. This new design, like the 8021, is a member of the 
MCS-48 family of single-chip microcomputers, and its 
on-chip a-d converter makes the family even more useful 
in such high-volume, cost-sensitive application areas as 
household appliances. 

A microcomputer plus 

Operating on a single + 5-volt power supply, the 8022 
contains all the functions necessary for digital process¬ 
ing, plus digital or analog control. On the chip, as 
diagrammed in Fig. 1, are 2 kilobytes of ROM, 64 bytes 
of RAM, an 8-bit central processor with more than 70 
instructions (a subset of the higher-performance 8048), 
an internal timer/event counter, a clock and oscillator, 
the 8-bit a-d converter with two analog inputs, and 26 
digital input/output lines. 

All parts of the a-d converter are integrated onto the 
chip—no external components are required. Conversion 


is performed entirely with hardware by a successive- 
approximation technique and takes 40 microseconds to 
complete. The only sohware is three single-byte instruc¬ 
tions: select analog-input 0 (sel ano), select analog- 
input 1 (sel AN I ), and read the analog-to-digital conver¬ 
sion result (rad). 

Flexible I/O lines 

The 26 digital input/output lines are organized into 
three 8-bit general-purpose ports and two test pins, To 
and Ti. The three ports are quasi-bidirectional—each 
line can be programmed for input or output. Adding to 
the flexibility is an optional mask operation that elimi¬ 
nates the pull-up resistor for the metal-oxide-semicon- 
ductor drive transistor on each line, creating an open- 
drain output. The open drains are useful in driving 
analog circuits and for certain loads such as keyboards. 

Port 0 also has variable-threshold voltage-comparator 
inputs with a common reference pin (Vu,). This setup can 
accommodate such input situations as high noise 
margins, low-voltage (10-to-lS-v) touch switching, and 
expansion of the analog inputs. Two input/output pins 
(Plo and Pli) provide for high-current drive; each sinks 
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3. Low-voHag* touch. Because port 0 has variable-threshold comparator inputs on each of its eight lines, new input configurations are 
possible, such as this low-voltage touch switch. Touching the panel momentarily pulls down the comparator input. The high-voltage driver, 
which may be a single transistor or part of a hex driver, then recharges the panel. The port is read by the microcomputer as is any other. 


7 milliamperes, more than four times the 1.6-mA load of 
standard transistor-transistor-logic outputs. In many 
applications of the 8022, 7 mA can eliminate the need for 
discrete drive transistors. 

The lower half of port 2, in addition to serving as 
general input/output, may be hooked up as a bus for 
attaching i/o expander units, such as the 8243, or 
discrete ttl parts for low-cost i/o expansion. Operations 
of the 8243 are synchronized by the port-expander 
strobe pin, a feature that is especially useful for 
input/output expansions designed with standard tran¬ 
sistor-transistor logic gates. 

The two test-pin inputs can be tested directly with two 
conditional-branch instructions. To can interrupt the 
system, while Ti also can detect the zero crossing of ac 
signals—a plus when it comes to firing triacs for phase 
control of motors. 

The a-d converter 

The 8022’s a-d converter has two multiplexed input 
channels. Channel selection by either the sel ano or sel 
AN i restarts the conversion sequence. A valid digital 
value can be read with the rad instruction during the 
fourth instruction cycle after a select instruction. 
Conversions occur continuously, and rad may be 
executed at any time with confidence that the sample is 
no more than 40 a*s old. Typical software for reading two 
sequential a-d conversions would be: 


SEL ANO 
MOV R0,#24 
RAD 

MOV @R0,A 

INCRO 

RAD 

MOV@RO,A 


Starts conversion 

Setup memory pointer 

First conversion to accumulator 

Store first value 

Ready for next conversion 

Second conversion to accumulator 

Store second value 


As shown in Fig. 2, the conversion hardware itself has 


three parts: a series string of resistors, a voltage compar¬ 
ator, and successive-approximation logic. The string of 
256 resistors divides the voltage between V„ and Vdli 
(the reference pin) into 256 voltage steps. This configu¬ 
ration gives the converter inherent monotonicity. Decode 
logic selects the appropriate tap and transfers that 
voltage to the comparator block. 

The conversion logic 

The comparator amplifies the difference between the 
analog input and the voltage tap. This difference is 
presented to the successive-approximation logic. Eight 
comparisons result in a fully converted byte being trans¬ 
ferred to the conversion-result register. All comparisons 
are performed automatically by on-chip hardware; 
executing the rad instruction moves the contents of the 
CRR to the accumulator. 

Novel circuit design (see “The a-d converter: how it 
was done,” p. 27) gives the converter 8-bit resolution 
over the full input range of to This capability 
simplifies direct connection to sensors, reduces software, 
and provides fast, 40-microsecond conversions. The sep¬ 
arate power-supply pins complete the analog block and 
keep the converter isolated from digital-noise sources. 
The instruction set 

To conserve memory and maximize throughput, most 
instructions in the 8022 are single-byte and single-cycle; 
no instructions are longer than 2-byte, two-cycle. The 
cycle time is 10 |ts. 

The overall efficiency of the instruction set is 
enhanced for control applications by the extensive condi¬ 
tional-branch logic that has been built into the micropro¬ 
cessor. For example, the instruction to decrement a 
register and jump if not zero (djnz) allows loops to be 
formed in one 2-byte instruction. Similarly, the instruc¬ 
tion to move to the accumulator from the current page 
(movp a, @ a) allows table look-up for constants or 
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display formatting with just a single 2-byte instruction. 

The 64-byte RAM integrates the hardware stack and 
data memory. The first eight memory locations are 
designated as working registers and are addressable by 
any of the 11 direct-register instructions. Besides 
increasing the variety of operations that can be 
performed on data in memory, this approach further 
reduces the number of instruction bytes required for 
processing. Working registers 0 and 1 also may be used 
as pointers to indirectly address all locations in memory, 
using the indirect-register instructions. 

The next 16 bytes of ram may be used as the address 
stack to enable the processor to keep track of the return 
addresses generated from call instructions and to handle 
interrupts. Since each address is 11 bits long, 2 bytes are 
needed to store each address. Thus, the 16 bytes of 
address stack allow a total of altogether eight levels of 
subroutine nesting. 

A 3-bit stack pointer supplies the locations that are 
loaded with the next return address generated. This 
stack pointer is incremented when a return address is 
stored and decremented when an address is fetched 
during a return. If an application does not require all 
eight levels of subroutine nesting, the free portion of the 
address stack may be used as standard ram. 

Other on-chip features 

The 8022 contains its own clock and oscillator 
circuitry and requires only an external timing control 
element to generate all internal timing signals. For 
highly cost-sensitive applications an inductor may be 
used as this element. If a more precise clock is required, 
the designer may specify a crystal or external clock for 
the application. 

To further reduce the user’s system cost and to permit 
use of the chip in noisy environments, the power-supply 
tolerance has been increased, permitting a range from 
4.5 to 6.5 V. Less filtering and regulation is necessary, 
therefore, and the microcomputer’s immunity to noisy 
power supplies is greater, as well. 

The programmable 8-bit timer/event counter accu¬ 
rately monitors elapsed time, avoiding the software over¬ 
head of timing loops. Once it has been loaded with the 
contents of the accumulator, its divide-by-32 prescaler is 
incremented for each system clock cycle and at prescaler 
overflow. A timer flag is set at overflow. Once activated, 
it can be tested by a conditional-branch instruction to 
generate an interrupt. Total count capacity is 8,192 
instruction cycles or 81.9 milliseconds, for the 10-ms 
cycle time. 

The timer may also be used as an event counter where 
the test pin Tt serves as a counter input. Upon command, 
the chip wilj respond to a low-to-high transition on the 
pin by incrementing its timer. 

Comparator inputs 

The input/output port 0 of the 8022 has several prop¬ 
erties that ease analog interfacing problems. Two of 
these features are moderate-gain voltage comparators 
and pull-up resistors on each line that either may serve 
as standard TTL outputs or may be masked out to give 
open-drain outputs. 


100-mV OFFSET 



4. ZM'O-croMing ftotector. Useful in timing the firing of triacs for ac 
phase control of appliances or getting a real-time clock, the 8022’s 
Tt test pin detects the crossing of a waveform's dc level by its rising 
edge. One hundred millivolts of hysteresis prevents chattering, and 
the ac frequency is limited to 1 kilohertz. 

The comparators are especially handy for troublesome 
inputs. The comparator at each pin accurately compares 
that line to the threshold-voltage reference pin, Vth, 
within about 100 millivolts in the range from to 
Vcc/2. Allowed to float, V,h will bias itself to the digital 
switch point of the other ports, and port 0 then behaves 
as a set of conventional digital inputs. 

However, the switch point can be both tightly 
controlled and adjusted by specially biasing V,h. Uses for 
this would include high-noise-margin inputs (up to 
V«/2), unusual logic-level inputs as from a diode- 
isolated keyboard, analog-channel extension, and direct 
interfacing of capacitive touch panels. The comparator 
action is automatic, and the port is read just as is any 
other port. 

Three advantages 

Since the on-chip comparators allow small voltage 
changes to be detected, a cost-effective and safe touch 
panel can be built. Many appliances using touch panels 
have as much as 100 volts at the panel, albeit with 
extremely low power. The comparators in the 8022, 
however, permit appliance touch panels to be operated in 
the lO-to-15-v range. 

The advantages of a low-voltage touch panel are three. 
First, it costs less to generate and switch the lower 
voltage. Then, since the keyboard operates at below 30 v, 
it is an Underwriters Laboratories’ class II system, 
which can sharply cut the time required for approval. 
Finally, the possible product-liability problems asso¬ 
ciated with high-voltage operation disappear. 

Simplified capacitive touch-panel operation is shown 
in Fig. 3. Contact with the panel drives both the voltage 
buffer and input to ground. When port 0 is read, a 0 on 
any line indicates a touched switch. The microcomputer 
drives the voltage buffer to recharge the panel. Matrix 
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5. Ov«n controller. The use of the 8022 is demonstrated In this controller for a combination microwave and conventional oven. The chip 
needs no assistance in figuring temperatures from thermistors connected to its analog inputs, reading inputs from a touch panel, detecting 
zero-crossing of ac for firing triacs and gating clocks and timers, direct-driving an alarm, and storing cooking-time instructions. 


switch panels may also be sensed by the comparators. 

Each pin on port 0 may or may not have an internal 
pull-up resistor: the option is chosen during selection of 
the ROM program code. If a resistor is left out for a given 
pin, the output appears as a true open drain for the range 
Vm to Voc- There is no temporary low-impedance drive to 
Voc, as is the case with the remaining quasi-bidirectional 
ports. With open drains, accurate output waveforms can 
be generated, and operational amplifiers can be driven 
directly, for example. 

The zero-crossing detector 

Although the Ti test pin on the 8022 may be driven 
directly by a digital input, it has special circuitry to 
detect an ac signal crossing its average direct-current 
level. The signal required for the zero-cross detection 
mode must be 2 to 4 v peak to peak and have a 
maximum frequency of 1 kilohertz. It couples to Ti 
through an external capacitor. 

Figure 4 shows the waveforms for zero-crossing detec¬ 
tion. The internal digital state of T| is sensed as a 0, until 
the wave's rising edge crosses the average dc level, when 
it becomes a 1. The digital transition takes place within a 
5" phase from the zero point. The digital level then 
remains at 1 until the input goes approximately 100 mv 


below the zero point on the falling edge. The 100-mv 
hysteresis keeps noise from causing chattering of the 
internal signal. 

The zero-crossing detection capability allows the 
applications designer to make the 60-hertz power signal 
the basis for system timing. All timing routines, 
including time of day, can be implemented with the 
signal and just a few conditional jump instructions. 

Moreover, since T, is also an input to the external 
event counter, the detection feature may be combined 
with this counter to interrupt processing at the critical 
zero-crossing point. Thus the user can trigger phase- 
sensitive devices, such as triacs and silicon-controlled 
rectifiers, and use the 8022 in such applications as shaft- 
angle measurement and speed control of motors— 
anywhere that the zero crossing of a waveform provides 
timing information. 

An oven controller 

The 8022's high level of functional integration 
provides a single-chip solution to sophisticated, high- 
volume controller applications that have required rela¬ 
tively expensive multichip designs. An example is a 
controller (Fig, 5) for a stove with a combined micro- 
wave and conventional oven and range-top burners. 
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The a-d converter: how It was done 


The drive to increase the density of large>scaie integration 
leads to continually improving control of small geometries. 
In fact, self-aligned silicon-gate processes now allow 
arrays of identical resistors and access transistors to be 
almost as densely packed as memory arrays. 

The resistive ladder on the 8022 is a string of 256 
matched diffusion resistors with access gates to each tap. 
Process geometry and resistivity control matches these 
within 8-bit accuracy without trimming or special process¬ 
ing. Any mismatched resistors simply expand or contract 
the voltage between taps. Even shorted resistors cannot 
cause nonmonotonic voltage outputs. 

Design of the voltage comparator requires offset 
voitages smaller than could be expected from the stan¬ 
dard memory/microprocessor process. So a chopper- 
stabilized design is used to compensate for offset inher¬ 
ently. Similarly, the low supply voltage of 4.5 to 6.5 volts 
does not allow sufficient gain or operating range from a 
differential stage. Thus a single-ended approach is used to 
increase gain. Carefully devised circuit tricks are enough 


to convert this stage into a differential comparator. 

As shown, the basic gain stage is a logic element biased 
into its linear-gain region. Biasing is done while the input 
voltage is forced to the other side of the sample capacitor. 
When the bias gate is turned off and the ladder voltage is 
selected, the stage essentially amplifies the difference 
between the two voltage levels. 

A string of these stages forms the comparator block. 
The input voltage has no effect on the amplifier bias point 
and therefore will not affect gain. This allows comparison 
down to voitages as low as Vm. 

Comparison with Vee was made possible by judicious 
use of bootstrap circuitry. To limit bootstrap drivers, the 
voltage comparison actually occurs at half this external 
level. This allows all ladder select voltages to be simply V. 
or Voe- Both resistive and capacitive dividers are used to 
drop the two comparison voitages to their internal level. 

Finally, the capacitors inherent in the amplifier become 
the sample-and-hold mechanism that allows only one 
voltage sample to be taken per conversion. 



INPUT 

VOLTAGE - -O 

V,N 



Twenty keys enter timing and cooking instructions, and 
a four-digit display shows cooking time, temperature, 
and the time of day. Two temperature-sensing thermis¬ 
tors are employed, one for standard use and the other for 
microwave use. 

While such a system could be controlled by a conven¬ 
tional 4-bit or 8-bit microcomputer, external circuitry 
would be required to interface the keyboard, convert the 
analog signals to digital data, drive an audio alarm, and 
determine the zero-crossing point of the 60-hz power 
wave for timing functions and magnetron control. The 
8022 reduces this multichip system to a single chip. The 
computer-plus-converter chip can save the oven maker 
upwards of several dollars in parts costs. 

In this application, the 8022 program memory stores 
all control programs, cooking and power-cycling algo¬ 
rithms, and timing routines. Its 2-kilobyte ROM is large 
enough to provide for easy expansion of oven features 
and product differentiation. The on-chip ram stores 
temperatures, power-level and timing settings, and all 
intermediate computational results. 

The analog signals from the conventional temperature 
sensor and the microwave meat probe feed directly into 
the two analog inputs on the 8022 without any additional 
circuitry. What’s more, the chip’s 8-bit a-d converter 
gives more accurate temperature sensing than most 
existing discrete configurations. 

The keyboard interfaces directly to the device through 
port 0. The keyboard in this application can be either a 


capacitive touch panel or a conventional switch type, 
since the 8022 directly interfaces either. 

The TI pin in the zero-crossing detection mode estab¬ 
lishes an accurate time base for all timing routines, 
including cooking cycles, presetting functions, and time 
of day. To accomplish this, the chip detects a zero 
crossing using the two conditional-jump instructions 
associated with Ti: JTi and JNTi. Then it increments a 
register in data memory, effectively keeping track of 
elapsed time. Using this technique, a time-of-day routine 
can be writteil for most applications in less than 30 bytes 
of code. 

Control of tho mognotron 

The zero-crossing detection capability also efficiently 
controls the microwave’s magnetron. To minimize 
current surges through the system, the magnetron should 
be fired at the peak of the ac wave (90*). To achieve this 
performance, the 8022 detects the zero crossing point 
with its Ti pin and delays the 90* phase shift with the 
internal timer. 

The high-current drive pins, Plo and Pli, are tied 
together to directly drive a piezoelectric alarm, which 
requires 10 to 15 mA of current.* The remaining I/O lines 
are used to drive the display and status indicators, to 
monitor the door interlock, and to control the triacs that 
switch the burner and oven heating elements. The 
internal timer controls the refreshing of the displays and 
the scanning of the keyboard. □ 
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Microcomputer’s on-chip functions 
ease users’ programming chores 

The one-chip 8022 includes hardware, such as an a-d converter, 
that combines with the instruction set for easy development of routines 


by William F. Ittner and Jeffrey A. Miller, mteicorp.. Santa aara, cam 


□ A single-chip microcomputer that incorporates ana- 
log-to-digital conversion, comparator inputs, and ac 
zero-crossing detection is a strong candidate for low- 
cost, high-volume applications. Moreover, to maintain its 
front-runner position, the new 8022 has been designed 
for ease of programming: many common routines are 
invisible to the user because they are performed in 
on-chip hardware. 

The 8022’s instruction set, in conjunction with its 
hardware features, affords programming ease in the 
development of routines for translating analog signal 
levels, monitoring temperatures, reading capacitive- 
touch-panel inputs, controlling phase-sensitive thyristors, 
and calculating the time of day. For example, perform¬ 
ing an a-d conversion requires software only to select the 
appropriate analog input; the actual conversion is 
performed entirely in hardware. This leaves room in the 
program memory for additional system functions. 
Furthermore, the instruction set accommodates bit 
handling, binary and binary-coded-decimal arithmetic, 
and direct table look-up, and it has extensive facilities 
for input selection and input-based program jumps. 

The 8022 [Electronics, May 25, p. 122] is the first 
general-purpose single-chip microcomputer to offer an 
on-chip a-d converter. While retaining the 8-bit central 
processing unit, 64 bytes of random-access memory, 
clock, zero-crossing detection, and timer/event counter 
featured in its 8021 predecessor, the new chip doubles 
the read-only memory to 2 kilobytes and provides 
comparator inputs on eight input/output lines, five more 
digital I/O lines (including an extra test pin), full inter¬ 
rupt capability, and two 8-bit a-d input channels. Such a 
decrease in system component count cannot help but 
minimize cost and increase reliability. 

Easy a-d conversion 

The 8022’s a-d converter has two multiplexed chan¬ 
nels, selectable with the sel ano (select analog input 0) 
or SEL AN 1 (select analog input 1) instructions. Built-in 
successive-approximation hardware accomplishes the 
conversion. The select instructions and the rad 
command (read a-d conversion result) are the only soft¬ 
ware instructions necessary. The select instructions 
restart the continuously occurring conversion process, 
but do not affect the conversion-result register. The new 
valid digital value can be read from the crr during the 


fourth cycle after a select instruction and every fourth 
instruction cycle thereafter. 

An application that points up the advantages of this 
easy-to-use on-chip converter is monitoring temperature 
in an oven controller. The temperature is sensed by a 
thermistor probe located in the oven (Fig. 1). In such a 
system, noisy analog signals are apt to prevail, obscuring 
the readings. But since so few instructions are needed for 
each sampling, a software filtering technique can be 
added at little expense for increased accuracy. One soft¬ 
ware filtering method is to average each reading with the 
previous samples: 


SEL ANO 
MOV RO. #30 

RAD 

ADD A, @R0 

RRCA 

MOV@R0,A 


;Start conversion 

;Point to storage location of previous 

a-d sample average 

;Read second sample result 

;Add last sample to new sample 

;Divide by 2 

;Store new average 


Excessive noise may require averaging of many read¬ 
ings taken over a short period of time. Program 1 
illustrates a method of computing the average of 16 
readings. In such averaging, it is necessary to select the 



1. Talk about aimpla. To sense temperature with the 8022, all that is 
needed is a thermistor pulled up to the supply. Simpler yet are the 
instructions to sense the voltage divider's potential: select analog 
input 0 (SEL ANo). and read conversion-result register (RAD). 
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l>RO(',RAM 1 IG CONSECUTIVE [READINGS 



OE SAME AT 

'JAIOG INPUT 

MOV 

R4,#00 

d6tr temp. MSB resilt regi^ 

MOV 

R0.#26 

tet up pointer 

MOV 

•no, #00 

dear rawlt ragiftar 

SEL 

ANO 

letect ft start conversion 

MOV 

R2,#16 

16 readings 

LOOP: RAO 


read result 

ADO 

AMRO 

LSB 

MOV 

•R0,A 

saverww LSB 

CLR 

A 


ADDC 

AR4 

MSB add carry to R4 

MOV 

RAA 

save new MSB 

DJNZ 

R2, LOOP 

next reading 

SWAP 

A 

MSB into MSN 

XCH 

A.OR0 


SWAP 

A 

divide by 16 

XCHO 

A.OR0 

location 26 in 

RAM now contains 
the average value 
of 16 conversions 
over a period of 

1.44 msec 


appropriate analog channel only once. Thereafter, a new 
conversion result is available every four instruction 
cycles. 

Often noise on the analog input is due to 60-hertz ac 
pickup. To minimize this interference, analog signals 
should be synchronized with the line voltage, accom¬ 
plished in the 8022 by the on-board zero-crossing- 
detection circuitry. The combination of line synchroniza¬ 
tion with simple filtration renders digital values imper¬ 
vious to line-generated noise. 

Signal averaging may be used for more than noise 
filtering. Since it can be applied to either channel 1 or 
channel 0 (whichever is selected with a sel anx instruc¬ 
tion), each channel may monitor different functions in 
one system, such as temperature and pressure in a 
process-control application. The fast a-d conversion time 
permits rapid switching between the two channels. 

A similar software technique permits measuring the 
same variable in two different locations and comparing 
the two results, as in checking the internal and external 
temperatures in an automotive climate-control applica¬ 
tion. Program 2 shows the coding that is required to 
perform a magnitude comparison between the two 
analog channels. The time elapsed between channel 
switching is a mere 50 microseconds. 

Comparator inputs 

To case interfacing with devices presenting trouble¬ 
some I/O links, the 8022’s port 0 incorporates compara¬ 
tor inputs controlled by a common voltage-reference pin 
and an option of a pull-up resistor or an open-drain 
output. Each of port O’s eight pins has a moderate-gain 
voltage comparator, which compares to a common refer¬ 
ence pin (V,h) with ± 100-millivolt accuracy, within a 
analog reference voltage range of to Voc/2. The 
biased Vu> pin will ensure a tightly controlled switching 
point. 

A typical use for port 0 is in the interfacing with the 
capacitive touch panels on microwave ovens and other 
new appliances. A touch-panel switch consists of two 
capacitors in series. One lead is attached to a high- 


PROG 

,RAM ? MAGNITUDE 

COMPARISON (UTUl INI- 

SEL 

ANO 

Start conversion 

MOV 

R0,#24 

set up pointer 

RAD 


read conversion result 

SEL 

AN1 

start other conversion 

CPL 

A 


INC 

A 


MOV 

DRO. A 

save first conversion 

RAD 


read second (inversion 

ADD 

A, DRO 

add first conversion 

A equals the differential 
in ones complement 

JZ 

EQUAL 

AN0 = AN1 

JC 

LESTHN 

AN0<AN1 

AN0>AN1 


voltage buffer (10 to 30 volts). The other is attached to 
the port 0 sense input. As a finger touches the common 
point, the drive signal is shunted by body capacitance, 
attenuating the signal reaching the input. 

Low-voltage touch-panel operation (less than 30 v) is 
possible, since the comparators allow small voltage 
changes to be detected. Most of the present touch-panel 
designs require a 50-to-100-v drive on the touch panel. 

Capacitive touch panels can be multiplexed in the 
same manner as can mechanical keyboards (Fig. 2). The 
vacuum fluorescent display and the touch panel are 
integrated to optimize hardware through shared high- 
voltage buffers. 

Program 3 lists the software that is necessary to 
refresh the display and scan the touch-panel matrix. This 
routine could be adapted to serve as part of a timer/in¬ 
terrupt scheme that would generate an interrupt at 
precise intervals for a flicker-free display. Another 
portion of the software would check for any touched 
input pads, test for valid entry, and enter key-depression 
codes into the main program. 

Correcting pad imbalance 

A common problem with capacitive touch panels is 
their imbalance. Layout process, aging, and surface 
impurities all cause the capacitance to vary from touch 
pad to touch pad, resulting in a family of curves (Fig. 
3a) of voltage levels from each column of touch pads 
reaching the sense inputs. As the curves show, if thresh¬ 
old voltage Vthj alone were used, one column would 
always appear touched; if Vth 2 were used exclusively, 
three of the columns would never appear touched. 

To compensate for such varying capacitance levels, 
the on-chip analog-input circuit may be used to allow 
multiple input voltage levels. Figure 3b depicts the 8022 
version of such a circuit. ANO and V,h are tied together 
with a capacitor to line 0 of port 0. The pull-up resistor 
option is used on line 0 to provide an RC timing network 
connected to ANO, Vih, and PO©. The remaining seven 
lines of port 0 are the sense lines for the touch panel and 
use the open-drain-cutput option. 

Handling the different voltage levels would begin with 
initializing the data by plotting the family of curves with 
the ANO input. This is done by writing a 0 to PO© 
(grounding TO©) which initializes V,h to 0 v. A logic 1 is 
then written to PO©, which begins to pull the RC network 
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2. Iiulliptox«d touch pend. A capacitive touch panel and high-voltage display may be combined in much the same way as a mechanical 
keyboard and light-emitting-diode array. To save hardware, an obvious choice is to share the high-voltage drivers. 


I'l-K X ixsiM-'N imfiu'sh kf>'-.c/: 



CLR 

OUTL 

A 

PI, A 

turn oft fogiMfR drtviw 


OUTL 

P0,A 

turnoff cN^CIrivirt and ponol ftrobos 


MOV 

A,#0FH 

and InMaRio NfUf Input to fround 


OUTL 

re, A 

Root Nrat inputi 


ORL 

A.ft3 

now Mrolu pocMofi 


OUTL 

re. A 

tumonatooto 


IN 

A,re 

fHd oonH inputs 


MOV 

R4.A 

OMOoonoo inputs 


MOV 

fio,#oi8re~i 

R AM tocflOMU of MS8 of 7 sofmaiit poMm 


MOV 

A. R3 

sirofao poNdon Into A 


OUTL 

reA 

QUO sonoo inpuii 

LOOT: 

RLC 

A 

rototo digit stralM into oprry 


INC 

no 

^totct ^figit i^woOio^t^ 


JNC 

LOOP 

loopundloarry 


MOV 


1 otriooo potutm front ilAM 


OUTL 

PI, A 



toward 5 v. As Vth ramps upward, the sense lines are scanned, the RC network is initialized to 0 v and ramps 
monitored for input changes, which will go from 1 to 0 as upward, varying the Vn level. The a-d converter moni- 
the not-touched voltage curve for each input is inter- tors this level looking for the calculated threshold points, 
sected. As the changes occur, the a-d value for each As the points are intersected, the corresponding sense 
sense line can be read and stored. inputs are read, with a 0 indicating a touched input and 

Thus the threshold reference voltage for each sense a 1 indicating a not-touched input. Thus, a multiplexed 
line can be determined by establishing the not-touched capacitive touch panel can be scanned and balanced 
voltage levels and by placing the threshold reference without adding external components to the inputs, 
voltage below this level. As each row of the keyboard is For systems requiring more than two analog inputs to 
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3. Balancing. Dissimilar pad capacitances are represented by the curves in (a). With a fixed reference (Vmi or Vmz). false sensing will occur. 
Individual thresholds can be determined using (b); a rising edge is placed on POo through software: ANO is then read until switching. 




f'fi( x'.RAM MiV |>||,\S( 

.\N( ;i 

( ROIITIM 

NINOEG 

EQU 

13 


13x32x10 US8C - 4.160M msec 

LOC7: 

XCH 

A, R7 


save Acc and get flag byte 


INC 

A 




JNZ 

NINETY 


is it zero cross or 90 deg. 


MOV 

A, #NINDEG 


zero cross" 


MOV 

T. A 


set up for ninety degrees interrupt 


STRT 

T 




XCH 

A, R7 


load R7 with rx>n-FF number 


RETI 



and restore A" 

NINETY: 






IN 

A. PI 




MOV 

A, #111011118 


set P14IOW (TRIACPORT) 


OUTL 

PI, A 




MOV 

A,#0FFH 


set up for zero cross interrupt 


MOV 

T, A 


next time" 


STRT 

CNT 




XCH 

A, R7 


load FF into R7 and resotre Acc 


RETI 





the 8022, port O’s comparator may be reconfigured to corresponding to the value of the analog input into port 0 
permit forming of pseudo-analog inputs from variable- (with some error due to the time lag, which can be 
threshold digital inputs. The hardware configuration can subtracted). This configuration can be utilized when it is 
be identical to that of Fig. 3b. In this scheme, sense possible to trade off accuracy for cost improvements: one 
inputs act as additional analog inputs of less accuracy analog input with 8-bit accuracy and seven analog inputs 
than ANO and AN 1 (about 6 bits). with 6-bit accuracy. Such may be the case in a range 

The sequence for implementing the extension is essen- controller that monitors temperature in two ovens, a 
tially the same found in the variable-threshold touch meat probe, and two of the four burners, all to an 
panel. As Vm ramps upward, a port 0 bit is monitored for accuracy within 10°F. 

a change from 1 to 0. At the change, ANO is read. To establish a reliable time base and to switch ac 
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I'l-i Ci iK'ifM I 1 Kvi , 1 HI 1 ir.H < If- I 



ORG 

7 

TI timer interrupt wctor 


MOV 

MOV 

A, #0FFH 

T.A 

initialize timer 


MOV 

RO. #TIME0 - 1 

TIMEO = LSB of timer register 


MOV 

R1,#TABLE 

LSBof ROM look-up 

LOOP: 


INC 

RO 

point to next byte 


MOV 

A. CRO 

retrieve BCD byte 


ADD 

A.#1 

incrament 


DA 

A 

decimal adjust 


MOV 

CRO. A 

restore BCD byte 


MOV 

A, R1 

test for carry 


MOVP 

A. CA 

using table entry 


XRL 

A, ©RO 

and" 


INC 

R1 

bump pointer 


JNZ 

DONE 

no carry, wait for next Uck 


XCH 

A. ©RO 

carry, set digit pair to 00 


ANL 

A. #1 

was overflow hours? 


JZ 

LOOP 

no, increment next i^te 


MOV 

©RO, A 

yes, set hours to 1 

DONE: 


RETI 

\ 


TABLE: 


DB 

60 H 

sixtieth 


DB 

60 H 

minutes 


DB 

13 H 

hours use 25 for 24 hour operatkm 


loads, the 8022 has circuitry built into the Ti pin to 
detect an ac signal crossing its average dc level. The 
switching is at predetermined points of the sine wave to 
reduce inrush currents or radio-frequency interference. 

Zero-crossing detection 

There are several methods by which software can 
monitor the input. The simplest method involves the 
jump instructions JTi and jnTi, which correspond to 
jump on Ti high, and jump on Ti low, respectively. The 
rising edge of the Ti input is the most accurate: the 
falling edge contains 100 mv of hysteresis to increase 
noise margin. The two jump instructions can be used 
back to back to find this zero-crossing point: 


while waiting for the zero crossing. The timer could be 
reloaded with FF Hex during the interrupt routine to 
generate an interrupt on each zero crossing. 


MOV A, #0FFH 
MOV T.A 
STRTCNT 
EN TCNTI 


;Full count into accumulator 
;Load timer 

;T 1 pin is source to timer 
; Enable timer interrupt 


Of course, the zero crossing is not always the best 
point to gate a control device. For example, an applica¬ 
tion involving a highly inductive device such as a magne¬ 
tron transformer will produce inrush currents that are at 
their maximum at the zero-crossing point. 


HEREi: JTI HEREi ;Wait here if line high 

HERE2: JNT1HERE2 ;Wait here if line low 
; Zero cross 

To reduce loop time, the Ti pin may also be coupled to 
the event counter. The start-counting instruction couples 
the rising edge into the 8022’s internal 8-bit timer. With 
each rising edge, the timer increments by one, and when 
it increments from FF Hex to 00, an overflow flag is set. 
If the interrupt line is activated, an interrupt vector at 
location 7 will occur. Since the timer may be preloaded 
with any value, it is possible to cause an interrupt to 
occur on the next zero crossing rather than waiting in the 
jump loop. 

The following routine will initialize the timer to 
accomplish this. All other processing may be performed 


Low inrush 

To minimize inrush in such a system, the triac is 
turned on at a 90° phase angle in the 60-hz sine wave. 
Program 4 provides the software necessary to accomplish 
this task. The timer detects the zero-crossing point and 
times out to the 90° point, where the leading current will 
just be at a minimum. An interrupt occurs at both the 
zero and 90° points to prevent interference with normal 
processing. Both interrupts use the same interrupt vector 
location. Software determines the source of the interrupt 
and acts accordingly. 

Another use of the Ti input is generating the timing 
base for a time-of-day routine. The software implement¬ 
ing this routine is in program 5. The time parameters 
listed in the accompanying data table could be modified 
to accommodate either 12- or 24-hour operation. □ 
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Figure 1. Pin Configuration 


Figure 2. Logic Symbol 


INTRODUCTION 

Taking advantage of the latest advances in silicon technol¬ 
ogy, Intel has developed a complete control system on a 
chip, the 8022, the first 8-bit microcomputer with an A/D 
converter on-chip. Whereas in the past microcomputers 
relied on external circuits for analog interfacing, It is now 
possible to build a one chip control system with analog 
interfacing, digital interfacing, and computer processing 
capabilities. Tackling the high volume, low cost controller 
market, the Intel 8022 microcomputer fits cost and space 
sensitive applications such as automobiles, appliances, 
and consumer products previously dominated by elec¬ 
tromechanical controls. Its use, however. Is not confined 
only to these applications. In medium volume applica¬ 
tions, the 8022 provides the system designer with a simpli¬ 
fied solution to many control problems. No longer is it 
necessary to expend valuable engineering time designing 
wheel spokes and axles; the whole cart is available. 

This note is Intended to answer some design questions 
concerning the 8022 and to suggest to the reader possible 
applications and system configurations. The reader 
should refer to the 8022 Data Sheet for electrical spec¬ 
ifications and details. It is also suggested that the reader 
consult with the MCS-48 User’s Manual (July 1978 or later) 
for a complete description of the entire MCS-48 family of 
microprocessors of which the 8022 is the newest member. 

The note is divided Into two main sections. The first Is a 
product description of the 8022, including a detailed 
discussion of the main features, their characteristics and 
how to use them. The second section discusses several 
possible applications, their configurations and design 
considerations. 


Product Overview 

The heart of the 8022 is the Intel 8021, a general purpose 
single chip microcomputer, which is a lower performance, 
lower cost version of the 8048. Added to this central core 
are interrupts, additional I/O, and linear functions. Like 
the 8021, the 8022 is designed to operate over a power 
supply range of 4.5 to 6.5 volts. 

The 8022 instruction set contains over 70 instructions and 
is a subset of the 8048 instruction set. To conserve memo¬ 
ry and maximize throughput, most instructions are single¬ 
byte, single-cycle. No instructions are longer than two- 
byte, two-cycle. The instruction cycle time is 10 
microseconds at a 3MHz clock rate. Extensive conditional 
branch logic is built into the processor to increase the 
overall efficiency of the Instruction set for control applica¬ 
tions. As examples, the DJNZ instruction (decrement 
register and jump if not zero) allows loops to be formed In 
just one instruction and the MOVP A, @A allows single 
Instruction table look-up of constants from program stor¬ 
age. Program storage in the 8022 consists of 2048 eight bit 
bytes of mask programmable ROM. 

Hardware stack and data memory are integrated in the 64 
byte RAM to enhance processing flexibility and memory 
utilization. The first eight RAM locations are designated as 
working registers and are directly addressable by any of 
the 11 direct register instructions. Besides increasing the 
variety of operations that can be performed on data in 
memoly, this approach further reduces the number of 
instruction bytes required for processing. In addition to 
being used as working registers. Registers 0 and 1 can be 
used as Pointer registers to indirectly address all locations 
in memory using the indirect register instructions. 
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Figure 3. 8022 Block Diagram 


The next 16 bytes of RAM may be used as the address To increase the user’s flexibility, any line of Port 0 can also 

stack to enable the processor to keep track of the return be designated an open drain output by removing the 

addresses generated from instructions and in handling pullup device present on the line via mask option. This is 

interrupts. Since two bytes are needed to store each useful in driving analog circuits and Interfacing to high 

address, the 16 bytes of address stack allow up to a total of impedance digital I/O. In addition to the open drain 

eight levels of subroutine nesting. A 3>bit stack pointer option, Port 0 has voltage comparator inputs with a corn- 

supplies the address of the locations to be loaded with the mon reference pin (Vth). In appliance control and other 

next return address generated. This stack pointer is incre- applications, this allows direct glass touchpanel interfac- 

mented when a return address is stored and decremented ing with relatively low voltage (10-15V) drive, thus limiting 

when an address is fetched during a subroutine or inter- product liabiility problems and easing U.L. approval. The 

rupt return. If all eight levels of subroutine nesting are PortOcomparator inputs are also generally useful in many 

not required by an application, the unused portion of other ways from expanding analog inputs to maximizing 

the address stack may be used as standard RAM. margin on noisy signals. 

The 8022 has an extremely flexible and powerful I/O 

structure. The 26 digital I/O lines are configured into three To further increase user flexibility and reduce system cost, 

8-bit general-purpose ports and two test pins, TO and T1. two I/O pins (P10 and P11) have been designated as high 

All three ports are quasi-bidirectional, meaning all lines current drive pins with the ability to sink 7ma each, instead 

are useable as inputs or outputs on a line-by-line basis of the standard TTL load of 1.6ma. This can eliminate the 

under software control. need for discrete drive transistors in many applications. 
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Figure 4. Adding an I/O Expander to the 8022 


The lower half of Port 2, in addition to serving as a general- 
purpose I/O port, is used as a “bus” for attaching the Intel 
8243 I/O expander units. The Port Expander Strobe is 
used in conjunction with Port 2 to synchronize the 8243 
operations. Figure 4 shows such a configuration. 

Note that the quasi-bidirectional structure and the Port 2 
expansion bus are consistent with ail MCS-48 products 
and are fully described In the MCS-48 User’s Manual. 

Frequently in control applications, the state of one or two 
signals must be monitored so that a fast response can be 
accomplished. The 8022’s two test pins offer this capabili¬ 
ty. Both test pins. TO and T1, are directly testable via two 
conditional branch instructions. The TO pin can also cause 
an interrupt. The T1 pin. In addition to being directly 
testable, has the ability to detect the zero crossing of 
slowly moving AC inputs. This Is useful in controlling 
50/60HZ power. It also enables the 8022 to precisely 
control phase sensitive devices, such as triacs and SCRs. 
Again external circuitry Is reduced. 

The 8022 contains Its own clock and oscillator circuitry 
and requires only an external timing control element to 
generate all internal timing signals. An inductor, a crystal, 
or an external clock may be used as the timing control 
device. 

The programmable 8-bit timer/event counter enables the 
user to accurately monitor elapsed time by providing a 
hardware replacement for software overhead such as 
timing loops. Total count capacity is 8192 Instruction 
cycles or 81.9 msec at a 10 microsecond cycle time. The 
timer may also be used as an event counter where the Test 


1 Input serves as a counter input. After a STRT CNT 
command, low to high transitions on the T1 pin will cause 
the timer/counter to be incremented. When the timer 
counter overflows (FFH to 00), the timer flag will be set and 
an Interrupt generated if enabled. 

The analog to digital converter is designed to simplify and 
cost reduce interfacing to analog sources. All parts of the 
converter are integrated onto the chip, with the exception 
of the voltage reference. Conversion is completely hard¬ 
ware controlled using a successive approximation tech¬ 
nique and occurs in four instruction cycles or 40 micro¬ 
seconds. Three single byte instructions, SEL ANO (select 
analog Input 0), SEL AN1 (select analog input 1), and RAD 
(read A/D conversion result) are added to the 8021 instruc¬ 
tion set to allow the programmer to Interface to the 
converter conveniently. 

Product Features 

This next section will delve deeper into some of the 
functions which comprise the 8022 architecture. Chip 
architecture will be discussed along with design consider¬ 
ations, software routines, and hardware configurations. 
The specific items covered are CPU timing, the Timer/ 
Counter, the TEST and Interrupt Inputs, Zero Cross 
detection, the A/D converter, and the Port 0 comparator 
inputs. 

System Clock 

One of the first considerations in the system design is what 
frequency source should be used. The on-board oscillator 
can use a variety of elements to determine system fre- 
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quency. Depending on the accuracy needed, the element 
can be an inductor and capacitor, or a crystal and resistor. 
If necessary, the oscillator inputs can also be driven by an 
external source. 

It should be noted that the values given in this section are 
approximate values based on a sampling of parts. In no 
case are these to be interpreted as guaranteed spec¬ 
ifications. They are here as an aid in system design. 
Consult the final Data sheet or contact Intel direct if more 
information Is needed for a critical design. 

Inductor Mode 


Crystal Mode 

Figure 6 shows the proper Installation of a crystal. A one 
meg-ohm parallel resistor is required for operation with an 
8021 or 8022. Application note AP-35 “CRYSTALS: Spec¬ 
ifications for Intel Components” should be consulted for 
information on using and specifying crystals. 

A 20pf capacitor is optional, but recommended, on X2. It 
has been found that using the capacitor increases the 
immunity of the microcomputer to line transient noise or 
spurious signals which may find their way into the system. 


Figure 5 shows the proper configuration for the inductor 
mode. A parallel capacitor of 20 to 50pf is recommended 
for best frequency tolerance. 



Figure 5. 


Table 1 shows the effects of changes In parameters based 
on a sampling of parts. Part to part Input capacitance 
differences (Cstray) will effect the tolerance. A less than 
0.2% part to part tolerance can be expected with a parallel 
capacitance of 50pf. (see fig. #5). An additional 0.5% 
variation comes about when only 20pf Is used in the tank 
circuit. This is because the stray capacitance in the 8022 
and the PCB becomes a larger proportion of the total 
capacitance. 


Vcc = 

4.5v 

5.5v 

6.5v 

/= 

+0.2% 

0 

=:=0.2% 

Temp = 

-40° C 

25° C 

85° C 

f = 

+0.6% 

0 

^0.6% 


Table 1. Inductor Mode 


JT"!— 

□ <iMn 




X1 


X2 


Ci is an optional 
20pf capacitor 


Figure 6. 


Which One? 

Which timing source to use is dependent on several 
factors. In most applications cost is of primary impor¬ 
tance. The lowest cost device, but one which still gets the 
job accomplished, is the logical choice. Selecting the 
device which gets the job accomplished is the next task. 


A Case Study 

To exemplify the design tradeoffs in choosing a timing 
element consider the detection of 50Hz or 60Hz line 
frequency as may be needed in many consumer products 
being sold in the U.S. and overseas. Traditionally two 
products are produced, one for the U.S. market and one 
for the overseas market. A jumper selection to tell the 
processor which frequency'^ource is being used is the 
only difference. This costs one I/O pin plus the costs of 
insertion and inventorying two products. All of these costs 
can be saved by allowing the processor to compute which 
frequency is coming in on the T1 pin. Figure 7 lists the 
software which could be used during a power-up routine 
to determine whether 50Hz or 60Hz timing should be used. 


To determine the inductance and capacitance required for 
a given frequency, the equation 


277 VLC” 

can be used. Due to the effects of stray capacitance the 
calculated frequency may be slightly high. It should be 
noted that the tolerances given in Table 1 do not Include 
the tolerances of the inductor and capacitor used in the 
system. Mathematical analysis of the above equation will 
show that the frequency will change roughly proportional 
to the tolerances of L and C on a worst case situation. That 
is if both L and C are ±5% parts, the frequency will vary 
approximately ±5%. 


The timer is used to time the interval of one line cycle. If 
everything were perfectly accurate, one count would 
equal 50Hz while another count would equal 60 Hz, but it’s 
not. The power company frequency may shift slightly, plus 
the 8022 oscillator may drift as discussed earlier. The 
maximum allowable oscillator change must be calculated 
from the Input source. Assuming the power companies 
may drift ±2 cycles, then the processor must be able to 
detect a difference of 58Hz-52Hz = 6Hz or less than 10.3% 
change. This means that the oscillator frequency Itself 
cannot change more than 10.3% or ±5.15%. The crystal 
would definitely work but may be overkill. The Inductor/ 
capacitor combination could be the most economical 
solution. 
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The equation 
1 _ 

_tf_ = count 

1 X 30 X 32 

f where LF = line freq, 

f = osc. freq. 

will give the value of the time at the end of one line cycle. 
Plugging in the values for an oscillator of 3MHz ±5% and a 
±2 cycle deviation in line freqency, the counter will yield 
counts of: 

47-56 = 60Hz 
57-68 = 50Hz 

Inductor and capacitor components could be picked to 
yield the required tolerance, saving the costs previously 
mentioned. 


Timer/Counter 

An 8-bit interval timer/counter Is available to enable the 
user to keep track of time elapsed or number of events 
occured while normal program execution and flow conti¬ 
nues. The Auto 50/60HZ detection routine previously 
discussed is one of many possible applications of the 
timer/counter. 

The timer/counter consists of a divide by 32 prescaler 
(only used in the timer mode) and an eight bit main timer. 
The STRT T command clears the prescaler and thereafter 
it increments once each 30 input clocks (once each single 
cycle instruction, twice each double cycle Instruction). At 
the (11111) to (00000) transition the timer is incremented. A 
timer overflow from (FFH) to (OOH) will set the timer flag 
along with the timer interrupt, If enabled (see below). A 
conditional branch instruction (JTF) is available fortesting 


L(X OBJ 


0000 27 
0001 0414 


0014 


0014 5614 

0016 4616 
0018 62 
0019 55 

001A 561A 

001C 461C 
001E 65 
001F 42 
0020 03D1 
0022 E62C 
0024 03F6 
0026 E62C 
0028 03F4 
002A F62C 


LINE SOURCE STATEMENT 


11 

5 fwRUP; 

6 
7 

§ 

9 ; 

10 ; 

11 ; 

12 ; 

13 

14 ; 

15 ; 

16 ; 

is fwPDET: 

19 

20 LINLCW: 

21 
22 

23 

24 LINEHI: 

25 

26 RISEDG: 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 HZ50: 

37 

38 HZ60: 

39 

40 ORANGE: 


AUTO 50/60HZ DETECTION O?} POWER UP 


CLR A ;CLEAR ACCM 

JMP PWRDET ;JUMP AROUND INTERRUPT ROUTINES 


INTERRUPT ROUTINES HERE 


ORG 20 

MEASURE ONE LINE CYCLE 


JTl PWRDET ;WAIT FOR NEXT RISING EDGE 

JNTl LINLOW fWAIT FOR NEXT RISING EDGE 

MOV T,A ;CLEAR TIMER 

STRT T ;START TIMER 

JTl LINEHI ;WAIT HERE FOR LINE TO GO LOW 

JNTl RISEDG ;WAIT HERE FOR RISING EDGE 

STOP TCNT ;ST0P TIMER AT END OF CWE LINE CYCLE 

MOV A,T ;READ TIMER VALUE 

ADD A,#-47 ;SUBTRACT 47 

JNC ORANGE ;ERROR-NOT WITHIN RANGE 

ADD A,#-10 ;SUBTRACT 10 

JNC HZ60 ;JUMP TO 60HZ ROUTINE 

ADD A,#-12 ;SUBTRACT 12 

JC ORAl«3E ;ERROR-N0T WITHIN RANGE 

;SET 50HZ FLAG 

;SET 60HZ FLAG 

;LINE FREQUENCY AKTORMAL TRY AGAIN 


Figure 7. 


All mnemonics copyrighted © Intel Corporation 1976. 
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this flag, the flag being reset each test. This instruction 
must also be used to initialize the timer overflow flag after 
a RESET, as RESET does not perform this function. Total 
count capacity for the timer is 25 x 28 =8192 or 81.9 ms at a 
10 micro second cycle time. Contents of the timer are 
moved to the accumulator by the MOV A,T Instruction 
without disturbing the counting process. Conversely, the 
MOV T,A instruction loads the timer with the contents of 
the accumulator. Notice that the 8-bit timer can be read 
from and written to. The prescaler, however, cari not. It is a 
separate 5-bit counter which is cleared only by a STRTT 
command. 


The timer may also be used as an event counter. After a 
STRT CNT command the 8022 will respond to low-to-high 
transitions on the Test 1 pin by incrementing the timer. 
Transitions can occur no faster than once each three 
instruction cycles (every 30 microseconds when using a 3 
MHz clock)—there is no minimum frequency. In this mode 
the prescaler is not used. The timer will contain the 
number of positive transitions occuring on T1 since a 
STRT CNT command. 

The timer and event counter functions are mutually exclu¬ 
sive. Counting or timing may be started (STRT CNT, STRT 
T) or stopped (STOP TCNT) under program control. 

The T1 pin, besides being an input to the counter, can also 
function as a testable input, detect the zero crossing of an 
AC signal, and interrupt processing. These functions, as 
well as those of the Test 0 pin and the interrupt structure, 
will be discussed in the next section. 


Test And Interrupt Inputs 

In addition to the 24 general purpose I/O lines which 
comprise ports 0,1, and 2, the 8022 has two special Inputs, 
TO and T1, which are testable via conditional jump instruc¬ 
tions. These pins allow inputs to cause program branches 
without the necessity to load an input port into the accu¬ 
mulator. The instructions JTO, JNTO, JT1, JNT1 will cause 
program flow to be modified depending on the state of the 
TO or T1 pin. For instance, JTO will cause a jump to the 
specified address if theTO pin is high (a 1 level). Converse¬ 
ly, JNTO will jump if TO is low (a 0 level). If the jump does 
not occur, program flow continues with the next instruc¬ 
tion. 

The Test 0 pin serves as an external Interrupt input as well 
as a testable input. An interrupt sequence is initiated by 
applying a low “0" level input to the TO pin when the 
external interrupt is enabled (EN I). The interrupt is level 
triggered and active lowto allow "WIRE ORING” of several 
Interrupt sources at the input pin. When an interrupt is 
detected it causes a "call to subroutine" to location 3 In 
program memory as soon as all other cycles of the current 
instruction are complete. At this time, the program coun¬ 
ter contents are saved in the program counter stack, but 
the remaining status of the processor is not. 


Unlike the 8048, the 8022 does not contain a program 
status word. Thus, when appropriate, the carry and auxili¬ 


ary carry flags must be saved by the software, as must be 
the accumulator. The routine shown below saves the 
accumulator and the carry flags. 


Instructions Comments 

MOV R6,A ;saveaccumulator in registers 
CLR A ;clear accumulator 

DA A ;convert carry flags into sixes 

MOV R7,A ;save representation of carry flags 

The end of an interrupt service subroutine is marked by 
the execution of a Return from Interrupt Instruction 
(RETD. Prior to returning from the interrupt subroutine 
however, the status of the accumulator and the carry flags 
must be restored. The following routine restores the status 
of the accumulator and the carry flags, which were previ¬ 
ously saved by the above program segment. 


Instructions Comments 


MOV A,R7 
ADD A,#0AAH 

MOV A,R6 
RETI 


;restore carry flags status to 
;accumulator and set/clear 
icarry flags 
:restore accumulator 
:return from interrupt 


An interrupt or CALL to a subroutine causes the contents 
of the program counter to be stored in one of the eight 
register pairs of the Program Counter Stack. During a 
CALL Instruction the program counter, when saved, 
points to the second byte of the CALL instruction (or the 
return address minus one). The stack contents are then 
incremented before being loaded into the program 
counter during a return (RET) from subroutine. During an 
interrupt the program counter, when saved, points directly 
to the return address. Thus, during a return (RETI) from 
interrupt, the stack contents are not incremented but 
loaded directly Into the program counter. This difference 
makes It imperative to use only RETI's to return from 
Interrupts, and RETs to return from subroutines. 


The interrupt system Is single level in that once an inter¬ 
rupt is detected all further interrupt requests are ignored 
until execution of a RETI re-enables the Interrupt input 
logic. This sequence holds true also for an internal inter¬ 
rupt generated by timer overflow. If an external interrupt 
and an internal timer/counter generated Interrupt are 
detected at the same time, the external source will be 
recognized first, if enabled. The timer/counter interrupt 
will be recognized, if enabled, after the return (RETI) from 
the external interrupt. Timer/counter generated internal 
interrupts and TO generated external interrupts have sep¬ 
arate vector locations. The external interrupt will vector 
to location 3, whereas an internal Interrupt will vector to 
location 7. 

If needed, a second external interrupt can be created by 
enabling the timer/counter interrupt (EN TCNTI), loading 
FFH into the counter (one less than terminal count) and 
enabling the event counter mode (STRT CNT). A low-to- 
high transition on the T1 input will then cause an interrupt 
vector to location 7. 
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Zero Cross Detect 

The Test 1 pin, in addition to being a testable input and a 
counter input, also serves one other important function. It 
can be used to detect the zero crossing point of slow 
moving AC signals. Execution of the STRT CNT instruc¬ 
tion puts the T1 pin in the counter input mode by connect¬ 
ing T1 to the counter and enabling the counter. Subse¬ 
quent low-to-high transitions on T1 will cause the counter 
to increment. Note that this operation differs from the rest 
of the MCS-48 devices, which increment the counter on 
high-to-low transitions. This change was made on the 
8022 to take advantage of the accuracy of the rising edge 
detection on the zero cross circuitry. 


When driven directly, this pin responds as a normal digital 
Input. To utilize the zero cross detection mode, an AC 
signal of approximately 1-3 VAC p-p magnitude and a 
maximum frequency of 1 kHz is coupled through an exter¬ 


nal capacitor (1 microfarad) to the T1 pin. The internal 
digital state is sensed as a zero until the rising edge 
crosses the DC average level, when it becomes a one. This 
Is accomplished by the self-biasing high gain amplifier 
which is included in the T1 input. This circuit biases the T1 
input exactly at its switching point, such that a small 
change will cause a digital transition to occur. This digital 
transition takes place within 5 degrees of the zero point. 

The digital value of T1 remains a one until the falling edge 
of the AC input drops approximately lOOmV below the 
switching point of the rising edge (lOOmV below the zero 
point, if the digital transition occured exactly at the zero 
point). The 100 mV offset is created by hysterlsis and 
eliminates chattering of the internal signal caused by 
external noise. 

The accuracy of the zero crossing will be a function of the 
capacitor used (see Fig. 10). On critical systems the 
capacitor can be adjusted to improve overall accuracy. 



OCCURS. TIMER FLAG WILL BE SET. HOWEVER. 

Figure 8. Interrupt Logic 
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The phase angle at the T1 input can be expressed as 
0=arctan 

R 

where Xc=—!— 

27ifC 

R=150Kn (see fig. 10) 

Solving the equation using the recommended one micro¬ 
farad capacitor and 60Hz 

Xc=_^_ 

2rr (60) (Vf) 

=2652.6 

0=arctan 

150Kn 

=- 1.010 



Figure 10. AC Equivalent of Zero Cross Input 


Analog To Digital Converter 

The T1 zero cross function is only one of the linear 
functions incorporated into the 8022 architecture. The 
most noted linear function is that of a complete analog to 
digital converter. 


shows the voltage at the pin slightly leading the true AC 
voltage. Internally the circuit adds up to another five 
degrees before the processor can detect that a zero 
crossing occured. Software can also add several degrees 
before outputing a signal. To compensate for all of this 
delay, a smaller capacitor could be chosen to give a -5 
degree shift in hardware before the processor. 

The zero cross detection capability allows the user to 
make the 50/60 Hz power signal the basis for his system 
timing. All timing routines, including time-of-day, can be 
implemented using the zero cross detection capability of 
T1 and its conditional jump instructions. In addition, the 
zero cross detection feature can be used in conjunction 
with the timer interrupt, as discussed earlier, to interrupt 
processing at the zero voltage point. This enables the user 
to control voltage phase sensitive devices such as triacs 
and SCRs, and to use the 8022 in applications such as 
shaft speed and angle measurement. 


The analog to digital converter is a complete successive 
approximation converter with two multiplexed input chan¬ 
nels. Either channel is selected by software with the SEL 
ANO or SEL AN1 instruction. These instructions also 
restart the conversion sequences. A valid digital value can 
be read with the RAD (read A/D) instruction during the 
fourth instruction cycle following a select instruction. 
Conversions occur continuously, and RAD may be exe¬ 
cuted at any time with confidence that the sample is no 
more than 40 microseconds old. 


The converter hardware has three parts as shown in Figure 
11, a series string of resistors, a voltage comparator, and 
successive approximation logic. A series string of 256 
matched resistors divides the voltage between AVss and 
Varef (the reference pin) Into 256 voltage steps. This 
configuration gives the converter its inherent monoton- 
Icity. 

The voltage tap on the series resistor string is selected by 
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the resistor ladder decoder. This decoder is driven by the 
8-bit successive approximation register (SAR). Each bit of 
the SAR is set in succession MSB to LSB and a voltage 
comparison between the selected resistor ladder voltage 
and the analog input voltage Is performed after the setting 
of each bit. The result of each comparison determines 
whether the particular bit will remain set or be reset. All 



Figure 11. Analog to Digital Converter Block Diagram 


comparisons are performed automatically by the on-chip 
A/D hardware. At the end of eight comparisons the SAR 
contains a valid digital representation of the analog volt¬ 
age. This result is then latched into the conversion result 
register (CRR). The RAD instruction can then load the 
conversion result from the CRR to the accumulator. 


To insure maximum accuracy from the A/D converter, 
separate power supply pins (Avcc and Avss) and a sub¬ 
strate pin (SUBST) have been provided. Unless there is 
excessive noise on the digital power supply, both Vcc and 
Avcc can be tied together and still maintain maximum 
accuracy. Figure 12 shows a typical analog configuration 
for sensing temperature in two thermistors. The substrate 
has both low frequency and high frequency bypass for 
noise Immunity. The power supply pins (Vcc, Avcc) are 
bypassed with a .01 microfarad capacitor close to the chip. 
All other analog signals are bypassed with .001 microfarad 
capacitors for added noise rejection. (See also Software 
Noise Rejection) 

As figure 11 shows, Varef is connected to the top of the 
resistive ladder. When the selected analog channel is 
equal to or greater than Varef the conversion result will 
equal 255 decimal (FF hexadecimal). The Varef voltage 
can be generated In a number of ways depending on the 


-FV 4-V 



system. It could be connected directly to Vcc giving a A/D 
range of GND to Vcc, or a simple resistor divider could be 
used to balance the reference voltage with the analog 
signals as in Figure 12.1 n calculating the impedance of the 
divider, the ladder impedance must be considered (see 
Figure 13). The total impedance of the ladder ranges from 
approximately 15K to 20K. This includes part to part 
differences and variance as a function of temperature. The 
resistor impedance should be chosen such that the 15K 
ohm parallel resistance is a small percentage of the divider 
impedance. 

Input impedance of the converter can also bean Important 
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factor. Figure 14 is an equivalent circuit of an analog input. 
Capacitance Cl is package capacitance which may range 
from 1pf to 3pf. Capacitance C2 is the sample and hold 
capacitance of 1.2pf to 1.4pf. This capacitance is only 
connected into the circuit by the sample and hold switch. 
The switch is closed for 0.3 tcy every four instruction 
cycles. Resistor R1 is package leakage which is approxi¬ 
mately 2.5-5.0M ohms. 


Software Noise Rejection 



Figure 14. Analog Input Equivalent Circuit 


This method will eliminate small fluctuations in the input 
voltage and reduce the effect of large fluctuations. Often, 
however, noise may be more severe. Excessive noise may 
require averaging of many readings taken over a short 
period of time. 

ViNI + V|N2 + + V|N16 = 

16 

Figure 15 lists the software required to average 16 suc¬ 
cessive A/D samples, as the above equation suggests. In 
such averaging, it is necessary to select the appropriate 
channel only once. Thereafter, a new conversion result is 
available every four instruction cycles. 

Still another type of filtering is "exponential averaging." 
Similar to the running average method, current readings 
are averaged with the previous average. 

ViN - Vo^davg + v^ldavg = Vavg 


Noise can be a problem in any system. Capacitors can be 
used to filter the noise but may not filter all of it. Capacitors 
also add cost to the system but can be eliminated by 
software filtering. One technique is simply to average two 
readings: 


ViNI + V|N2 
2 


= VOUT 


or keep a running average by averaging each reading with 
the previous average; 


SEL ANO 
MOV R0,#30 
RAD 

ADD A.@R0 
RRC A 
MOV @R0,A 


iStart conversion 

:Polnt to storage location 

:Read current A/D sample 

:Add current sample to previous average 

iDIvide by two 

iStore new average 


Where Vavg = current average 
Voldavg = previous average 
Vin = current reading 
K = constant 

This method has the advantage of large signal to noise 
ratios, but has slower dynamic response. In many sys¬ 
tems, especially those Involving temperature measure¬ 
ment, dynamic response is not a problem. Signal noise will 
be of a much higher frequency than any change in temper¬ 
ature. The constant, K, can be chosen to yield any desired 
signal to noise ratio. The larger the constant, the higher 
the ratio. The lower the constant, the higher the dynamic 
response. 

To increase the effectiveness in reducing line generated 
noise, any of the above methods should be synchronized 
to the line frequency. As previously discussed, an Inter¬ 
rupt can be generated when the 50Hz or 60Hz line frequen¬ 
cy crosses AC zero. The A/D filtering routine should be 
part of the Interrupt routine. Reading of the A/D will then 
occur at the same point of each line cycle, thus ignoring 
any line generated fluctuations in the analog inputs. 


DOC 

OBJ 

LINE 


SOURCE 

STATEMENT 




47 







48 

49 

50 

i 

AVERAGE 16 A/D READINGS 









51 

AVGl^: 




002C 

BC00 

52 


MOV 

R4,f00 

;CLEAR TEMP, MSB RESULT REGISTER 

002E 

B81A 

53 


MOV 

R0,#26 

@R0,#00 

;SET UP POINTER 

0030 

B000 

54 


MOV 

;CLEAR RESULT REGISTER 

0032 

85 

55 


SEL 

AN0 

; SELECT AND START CONVERSION 

mu 

BA10 


LOOP; 

MOV 

R2,#16 

;16 READINGS 

0035 

80 

58 


RAD 


;READ RESULT 

0036 

60 

59 


ADD 

A,@R0 

@R0,A 

;LSB 

0037 

A0 

60 


MOV 

;SAVE NEW LSB 

0038 

27 

61 


CLR 

A 


0039 

7C 

62 


ADDC 

A,R4 

;ADD CARRY TO MSB 

00 3A 

AC 

63 


MOV 

R4,A 

;SAVE NEW MSB 

003B 

EA35 

64 


DJNZ 

R2,LOOP 

;NEXT READING 

00 3D 

47 

65 


SWAP 

A 

;MSB INTO MSN 

003E 

20 

66 


XCH 

A,@R0 


003F 

47 

67 


SWAP 

A 

;DIVIDE BY 16 

0040 

30 

68 


XCHD 

A,@R0 

; LOCATION 26 NOW CONTAINS 



69 



;'IHE AVERAGE 



70 







71 







72 






Figure 15. 


All mnemonics copyrighted © Intel Corporation 1976. 
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Port 0 Comparator Inputs 

Intel, in its commitment to add analog features to micro¬ 
computers, did not stop with A/D conversion and zero 
cross detection. Also added to the 8022 were eight com¬ 
parators for easing the interface to non-digital inputs. 

Port 0 has been modified from the standard quasi- 
bidirectional structure to allow an optional open drain 
configuration with comparator inputs. The low impedance 
pullup device has been eliminated and the high imped¬ 
ance pullup is optional. Thus, the user can choose via a 
mask programmable selection each line of Port 0 to be 
either quasi-bidirectional with a high impedance or true 
open-drain. The open drain configuration allows the line 
to sink current through the low impedance pulldown 
device or to float in the high output state. More important¬ 
ly, the open drain configuration makes Port 0 very easy to 
drive when it is used as inputs. The input circuitry for each 
line of Port 0 includes a voltage comparator which ampli¬ 
fies the voltage difference between the input port line and 
the Port 0 threshold reference pin (Vth). The voltage gain 
of the comparator is sufficient to sense a 100mV input 
differential within the range Vss to Vcc/2. 

If Vth is allowed to float, it will bias itself to the digital 
switch point of the other ports, and Port 0 behaves as a set 
of normal digital inputs. However, by biasing Vth, the 
switch point can be both tightly controlled and adjusted. 


Common uses for this would include unusual logic level 
inputs as from a diode isolated keyboard, analog channel 
expansion, and direct capacitive touchpanel interface. 
The comparator action is automatic and the port is read 
just as any other port. 

A typical use for Port 0 Is in the interfacing with capacitive 
touch panels on microwave ovens and other new appli¬ 
ances. A touch-panel switch consists of two capacitors in 
series. One lead is attached to a high voltage buffer (10 to 
30 volts). The other is attached to the Port 0 sense Input. As 
a finger touches the common point, the drive signal is 
shunted by body capacitance, attenuating the signal 
reaching the input. 

Low-voltage touch-panel operation (less than 30V) is 
possible, since the comparators allow small voltage 
changes to be detected. Most of the present touch-panel 
designs require a 50-100V drive on the touch panel. 

Capacitive touch panels can be multiplexed in the same 
manner as mechanical keyboards (Fig. 16). The vacuum 
flourescent display and the touch panel drivers are inte¬ 
grated to optimize hardware through shared high voltage 
buffers. 

Figure 17 lists the software necessary to refresh the 
display and scan the touch-panel matrix. This routine 
could be adapted to serve as part of a timer/Interrupt 



(ACCESS TO ANALOG- 
CONVERTER SUPPLY FOR 
EXTERNAL FILTERING) 


Figure 16. Typical Keyboard/Display Schematic 
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LOC OBJ 


003C 

0041 27 
0042 39 
0043 90 


0044 230F 
0046 90 
0047 4B 
0048 90 
0049 08 
004A AC 
004B B836 
004D FB 
004E 90 

004F F7 
0050 18 
0051 E64F 
0053 F0 
0054 39 


LINE 

SOURCE 

STATEMENT 


74 ; 




75 ; 

KEYBOARD DISPLAY 

ROUTINE 

76 ; 




77 ; 




78 D4 

EQU 

3CH 

;MSD OF DISPLAY 

79 KEYDIS 




80 

CLR 

A 


81 

OUTL 

PI, A 

;TURN OFF SEGMENT DRIVERS 

82 

OUTL 

P0,A 

?TURN OFF DIGIT DRIVERS AND 

83 



?PANEL STROBES 

84 



?INITIALIZE SENSE INPUTS TO GND 

85 

MOV 

A,#0FH 


86 

OUTL 

P0,A 

?FLOAT SENSE INPUTS 

87 

ORL 

A,R3 

?NEW STROBE POSITION 

88 

OUTL 

P0,A 

?TURN ON STROBE 

89 

IN 

A,P0 

?READ SENSE INPUTS 

90 

MOV 

R4,A 

?SAVE SENSE INPUTS 

91 

MOV 

R0.|D4-1 

:RAM LOCATION OF MSB OF 7-SBG PATTERN 

92 

MOV 

A,63 

? STROBE POSITION INTO A 

93 

OUTL 


;GtJD SENSE INPUTS 

94 LOOPl: 




95 

RLC 

A 

? ROTATE DIGIT STROBE INTO CARRY 

96 

INC 

R0 

;NE5CT DIGIT LOCATION 

97 

JNC 

LOOPl 

?LOOP UNTIL CARRY 

98 

MOV 

A,@R0 

; RETRIEVE PATTERN FROM RAM 

99 

OUTL 

pi, A 

; OUTPUT NEW PATTERN 

100 




101 





Figure 17. 


scheme that would generate an interrupt at precise inter¬ 
vals for a flicker-free display. Another portion of the soft¬ 
ware would check for any touched input pads, test for valid 
entry, and enter key-depression codes into the main pro¬ 
gram. 

Correcting Pad Imbalance 

A common problem with capacitive touch panels is their 
imbalance. Layout, process, aging, and surface impurities 
all cause the capacitance to vary from touch pad to touch 
pad, resulting in a family of curves (Fig. 18) of voltage 
levels from each column of touch pads reaching the sense 
inputs. As the curves show, if threshold voltage Vthi alone 
were used, one column would always appear touched; if 
Vth2 were used exclusively three of the columns would 
never appear touched. 

To compensate for such varying capacitance levels, the 
on-chip analog input circuit may be used to allow multiple 
input voltage levels. Figure 19 depicts the 8022 version of 
such a circuit. ANO and Vth, are tied together with a 
capacitor to line 0 of Port 0. The pull-up resistor and 
capacitor are used on line 0 to provide an RC timing 
network connected to ANO, VTH, and POO. The remaining 
seven lines of Port 0 are the sense lines for the touch panel 



Figure 18. 


All mnemonics copyrighted © Intel Corporation 1976. 


Handling the different voltage levels would begin with 
initializing the data by plotting the family of curves with the 
ANO input. This Is done by writing a 0 to POO (grounding 
POO) which Initializes Vth to Ov. A logic 1 is then written to 
POO. which begins to pull the RC network toward 5 v. As 
Vth ramps upward, the sense lines are monitored for input 
changes, which will go from 1 to 0 as the not-touched 
voltage curve for each Input is intersected. As the changes 
occur, the A/D value for each input Is intersected. As the 
changes occur, the A/D value for each sense line can be 
read and stored. Thus the threshold reference voltage for 
each sense line can be determined by establishing the not 
touched voltage levels and by placing the threshold refer¬ 
ence voltage below this level. As each row of the keyboard 
is scanned, the RC network is initialized to 0 v and ramps 
upward, varying the Vth level. The A/D converter monitors 
this level looking for the calculated threshold points. As 


TOUCH-PANEL 

COLUMNS 


Vcc 
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the points are intersected, the corresponding sense inputs 
are read, with a 0 indicating a touched input and a 1 
indicating a not-touched input. Thus, a multiplexed ca- 
parcitive touch panel can be scanned and balanced without 
adding external components to the inputs. 

For systems requiring more than two analog inputs to the 
8022, Port 0 comparator inputs may be reconfigured to 
permit formation of pseudo-analog inputs from variable 
threshold digital inputs. The hardware configuration can 
be identical to that of Fig. 19. In this scheme, sense inputs 
act as additional analog inputs of less accuracy than ANO 
and AN1 (about 6 bits). 

The sequence for implementing the extension is essential¬ 
ly the same found in the variable-threshold touch panel. 
As Vth ramps upward, a Port 0 bit is monitored for a 
change from 1 to 0. At the change, ANO is read corre¬ 
sponding to the value of the analog input into Port 0 (with 
some error due to the time lag, which can be subtracted). 
This configuration can be utilized when it is possible to 
trade off accuracy for such cost improvements: one anal¬ 
og input with 8-bit accuracy and seven analog inputs with 
6-bit accuracy. Such may be the case in a range controller 
that monitors temperature in two ovens, a meat probe, and 
two of the four burners, all to an accuracy within 10°F. 

Application Ideas 

This section will discuss some possible applications of the 
8022. These applications are discussed in general terms 
and are believed to be feasible applications of the 8022. 
None of these applications, however, have been built and 
checked out. 

Power Supply Controller 

The three terminal voltage regulator, with its built-in 
current limiting and overload protection, has vastly simpli¬ 
fied the task of designing small power supplies. Power 
supplies for large systems, with requirements for brown 
out protection, power fail warnings, etc., have not yet 
yielded to the design simplicity of the integrated voltage 
regulator. The combination of an 8022 microcomputer 
and these same regulators, however, may make It feasible 
to simplify these larger power supply systems. 

There are several requirements of larger power supplies 
which have to be met outside of the regulation itself. 
Typical of these are; 

1. Sequencing the turn on and shut down of several 
supplies. 

2. Providing an early warning to the system that 
power is failing. 

3. Theablllty to hold the system In a reset state during 
power supply sequencing. 

4. Generation of a line frequency clock to the sys¬ 
tem. 

5. Provisions for remote start up and shut down, 

6. Sufficient energy storage to keep the system run¬ 
ning long enough to provide an orderly shut down. 

7. High efficiencies to minimize power requirements 
and heat dissipation. 


These requirements can be met by a combination of raw 
DC supply, multiple three-terminal regulators, and an 
8022 microcomputer. Figure 20 shows a raw supply which 
is capable of generating DC voltages suitable for regula¬ 
tion to five, plus twelve, and minus twelve voltages. (These 
are arbitrary, but common voltages). In addition, a sepa¬ 
rate winding is provided which generates a five-volt supply 
which will be used to supply power to the 8022 Itself. The 
normal rectifiers in the RAWS and RAW12 supplies are 
replaced by silicon controlled rectifiers which will be 
phase angle controlled by the 8022. 


Figure 21 shows the connections to the 8022. The RAWS 
and RAW12 supplies are applied to simple voltage dividers 
which feed the analog inputs of the 8022. The signal 



LINEFREQ is taken from a convenient winding of a trans¬ 
former, divided down, and applied to the zero cross input 
of the 8022. A strap is provided to configure the unit for 
SO/60 Hz operation. In addition to being connected to the 
basic power supply, the 8022 is also connected to the 
system receiving the power. The on/off switch becomes 
an input to the 8022. The 8022 provides outputs for a 10Hz 
interrupt, a power fall interrupt, cold/warm Indicator and 
system reset. 

The 8022 can perform many of the functions normally 
done by hardware sequencers in the power supply. On 
power-up, it can hold off the three main supplies until the 
main supply is firmly established. This prevents the sys¬ 
tem from responding to short power restorations which 
frequently occur during power outages. Having deter¬ 
mined that it is safe to power up the system, the 8022 can 
assert the reset signal and the cold start signal. The cold 
start Indication tel Is the system that power was interrupted 
at the mains rather than by the OFF switch—a useful 
function if any amount of battery backed up RAM exists in 
the system. Having set up these signals, the 8022 waits for 


8-16 



VCC22 


LINE FREQ -AAAr»—II- 


60/50 




C FIVE ■ 

RAW6-AAA/i 


C TWELVE - 
RAW 12- 


!-VVS^ 


CNEG- 

COM22- 




Vcc AVcc XI 

X2 

- T1 


8022 


- ANO 


- AN1 


' GND 


Figure 21. 


•ON 

OFF 

■10HZ INT 

■PFINT 

■RESET 

■COLD/WARM 


Note: Buffers on CFIVE, 
CTWELVE, CNEG 
not shown for clarity 


a zero crossing (to minimize inrush) and then turns on the 
SCRs for the three supplies one at a time (again to mini¬ 
mize inrush). Any sequencing of the three supplies that is 
required by the system can also be allowed for. After some 
programmable time delay, the reset signal can be released 
and the system allowed to start operation. 

During normal operation the 8022 can monitor the two 
major raw supplies and use phase angle control of the 
SCRs to regulate them. The regulation would be used to 
ensure that the three terminal regulators had minimum 
input voltage requirements met under all line voltage 
variations while at the same time minimizing the voltage 
drop across them. This increases the efficiency of the 
power supply and allows it to be capable of handling 
brown outs without dissipating excessive power in the 
regulators. 

The line frequency input is used not only for the basis for 
the phase angle control, but also for two other functions; 
power fail detect and generation of the 10 Hz interrupt. 
The 10Hz interrupt can be generated by simply dividing 
the power line frequency by 5 for 50 Hz and 6 for 60 Hz 
operation. Performing this division in the power supply 
itself allows the system to be run on 50 or 60 cycle power 
with no change external to the power supply. In some 
situations it should even be possible to have the power 
supply adapt to either of these inputs by measuring the 
period of the incoming power on startup (see section 
“Which One?”). This would be an easy function to incor¬ 
porate in the software and would require no additional 
hardware since provision is already made for zero cross 
detect. 


Power fall detection can be done by running the timer 
while waiting for the line to zero cross. If an excessive time 
elapses it can be assumed that the power has failed and 
the power fail interrupt asserted. Note that this will detect 
total power failure but not a dip in the line voltage below 
the specifications of the power supply. This condition can 
be detected by keeping track of the phase angle that is 
required to maintain the RAW supplies at the proper level. 
If the SCR’s have to be turned on for too high a portion of 
the total line cycle it is an indication of a brown-out 
condition and the powerfail interrupt should be generated. 
Whenever the powerfail interrupt is generated the 8022 
should turn on the SCRs continuously to ensure maximum 
possible energy storage in the filter capacitors. After 
generation of the powerfail interrupt, the 8022 can again 
delay (depending, of course, on the energy storage of the 
power supply) and then assert reset. Once reset is asserted 
the SCRs are turned off, and left off, until the supplies have 
dropped down to a point which guarantees that any reset 
circuitry residing outside ofthepowersupply willseeafull 
power transition when power is reapplied. If the power is 
shut down by the 8022 in response to the on/off switch, the 
sequence would be similar except that the cold/warm start 
signal would indicate a warm start. 

The above discussion should make it clear that the 8022 
would make the task of designing a power supply system 
far easier, particularly for those designers more familiar 
with digital than analog design. If, in addition, the 8022 
supply were put on a battery back-up, it would be possible 
to add many features to the system at virtually zero cost. 
The 8022 could be programmed to become the system 
clock and send, perhaps in serial ASCII, the time of day 
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and the date to the main system on demand or periodical¬ 
ly. This function would require that a crystal be used as a 
timing reference to the 8022 so that the power supply 
could still track real time even If the incoming power fails. 
Other possibilities would have the system shut down 
unless some external event required its attention, or the 
incorporation of system diagnostic checks within the code 
of the 8022. The comparator Inputs on PORT 0 of the 8022 
would even allow some capability of parametric testing as 
part of these diagnostics. The possibilities bring a new 
dimension to the term “Programmable Power Supply”. 


DC Motor Control 

Figure 22 shows the 8022 used to control the speed of a 
permanent magnet DC motor. A seven segment display 
and keyboard are provided which allow the user to enter 
the parameters required by the control algorithm. The 
display is also used to display the speed of the motor 


during operation. Other data (for example root mean 
squared error) could also be displayed upon demand. The 
motor is driven by a constant frequency pulse width 
modulated signal which is generated programatically. 
Port 11 (which is one of the two high current outputs) is 
used to drive a photoisolator which provides level shifting 
as well as isolation. The circuit shown allows both the 
speed and torque of the motor to be measured for use by 
the control algorithm. The torque generated by a PM DC 
motor is proportional to the armature current. This cur- 
ent, and hence the torque, can be measured by reading the 
voltage drop across the shunt resistor. The voltage gener¬ 
ated across the motor is the sum of the IR drop in the 
armature and a term which is proportional to the angular 
speed of the motor. The armature current is already known 
from the torque measurement, so the speed can easily be 
determined from the two analog measurements shown. 
The DC resistance of the armature, the speed constant, 
and torque constant would, of course, have to be known or 
entered by the operator. 


3.57MH2 VcC 



Figure 22. DC Motor Control 
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distributor points allows the engine RPM and point dwell 
to be measured. Outputs are provided to control the 
ignition and starter (allowing the ignition switch to be 
eliminated in favor of a combination lock). Drive to a 


opvy p uvi 1 11 .^lo I , mo iTvintruyr, uir pft;s9ure guage, or water 
temperature guage depending on the current desire of the 
driver. There are several uncommitted I/O pins which 
could be used to implement functions such as intermittent 
action windshield wipers or delayed action light circuits. 


3.57 MHz Vcc 



Figure 23. Automotive Dashboard 
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Darkroom Timer 

A darkroom timer based on the 8022 is shown in Figure 24. 
In addition to the keyboard and display this diagram 
incorporates drive to two TRIACs, an input to monitor the 
line frequency crossings, and two analog measurements. 
The analog inputs are used to monitor and display the 
temperature of the chemical bath and the light output of 


the enlarger, both of which can be controlled by the 
microcomputer. The 8022 could be used to run several 
timers concurrently while also maintaining the tempera¬ 
ture of the chemical bath at the required level. Several 
uncommited I/O pins are available for additional func¬ 
tions. 


Vcc 



Figure 24. Darkroom Timer/Control 


Conclusions 

This application note has introduced the reader to the Intel 
8022 microcomputer. It has described the main features of 
the 8022 and discussed some of the design considerations 


encountered in designing with the 8022. 

The reader has also been exposed to several possible 
applications which show the versatility and cost effective¬ 
ness of a microcomputer with on-board analog features. 
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INTRODUCTION 

Since the introduction in 1974 of the second generation 
of microprocessors, such as the 8080, a wide range of 
peripheral interface devices have appeared. At first, 
these devices solved application problems of a general 
nature; i.e., parallel interface (8255), serial interface 
(8251), timing (8253), interrupt control (8259). However, 
as the speed and density of LSI technology increased, 
more and more intelligence was incorporated into the 
peripheral devices. This allowed more specific applica¬ 
tion problems to be solved, such as floppy disk control 
(8271), CRT control (8275), and data link control (8273). 
The advantage to the system designer of this increased 
peripheral device intelligence is that many of the periph¬ 
eral control tasks are now handled externally to the 
main processor in the peripherai hardware rather than 
internally in the main processor software. This reduced 
main processor overhead results in increased system 
throughput and reduced software complexity. 

In spite of the number of peripheral devices available, 
the pervasiveness of the microprocessor has been such 
that there is still a large number of peripherai control 
applications not yet satisfied by dedicated LSI. Compli¬ 
cating this problem is the fact that new applications are 
emerging faster than the manufacturers can react in 
developing new, dedicated peripheral controllers. To 
address this problem, a new microcomputer-based Uni¬ 


versal Peripheral Interface (UPI-41A) device was 
developed. 

In essence, the UPI-41A acts as a slave processor to the 
main system CPU. The UPl contains Its own processor, 
memory, and I/O, and is completely user programmable; 
that Is, the entire peripheral control algorithm can be 
, programmed locally in the UPl, instead of taxing the 
master processor’s main memory. This distributed proc¬ 
essing concept allows the UPl to handle the real-time 
tasks such as encoding keyboards, controlling printers, 
or multiplexing displays, while the main processor is 
handling non-real-time dependent tasks such as buffer 
management or arithmetic. The UPl relies on the master 
only for initialization, elementary commands, and data 
transfers. This technique results in an overall increase 
in system efficiency since both processors — the mas¬ 
ter CPU and the slave UPl — are working in parallel. 

This application note presents three UPI-41A applica¬ 
tions which are roughly divided into two groups: applica¬ 
tions whose complexity and UPl code space require¬ 
ments allow them to either stand alone or be incorpo¬ 
rated as just one task in a “multi-tasking” UPl, and appli¬ 
cations which are complete UPl applications in them¬ 
selves. Applications In the first group are a simple LED 
display and sensor matrix controllers. A combination 
seriai/parailel I/O device is an application in the second 
group. Each application illustrates different UPl config- 


UPI-41 vs. UPI-41A 


The UPI-41 A is an enhanced version of the UPI-41. It incorporates several architectural features not found on the 
“non-A” device: 

• Separate Data In and Data Out data bus buffer registers 

• User-definable STATUS register bits 

• Programmable master interrupts for the OBF and IBF flags 

• Programmable DMA interface to external DMA controller. 

The separate Data In (DBBIN) and Data Out (DBBOUT) registers greatly simplify the master/UPI protocol com¬ 
pared to the UPI-41. The master need only check IBF before writing to DBBIN and OBF before reading DBBOUT. 
No data bus buffer lock-out is required. 

The most significant nibble of the STATUS register, undefined in the UPI-41, is user-definable in UPI-41 A. It may 
be loaded directly from the most significant nibble of the Accumulator (MOV STS, A). These extra four STATUS 
bits are useful for transferring additional status information to the master. This application note uses this 
feature extensively. 

A new instruction, EN FLAGS, allows OBF and IBF to be reflected on Port 2 bit 4 and Port 2 bit 5 respectively. 
This feature enables interrupt-driven data transfers when these pins are interrupt sources to the master. 

By exe cuting an EN DMA instruction Port 2 bit 6 becomes a DRQ (DMA Request) output and Port 2 bit 7 becomes 
DACK (DMA Acknowledge). Setting DRQ requests a DMA cycle to an external DMA controller. When the cyclejs 
granted, the DMA controller returns DACK plus either RD (Read) or WR (Write). DACK automatically forces ^ 
and AO low internally and clears DRQ. This selects the appropriate data buffer register (DBBOUT for DACK and 
RD, DBBIN for DACK and WR) for the DMA transfer. 


Like the “non-A”, the UPI-41A is available In both ROM (8041A) and EPROM (8741A) Program Memory versions. 
This application note deals exclusively with the UPI-41 A since the applications use the “A”s enhanced features. 





urations and features. However, before the application 
details are presented, a section on the UPl/master proto¬ 
col requirements is included. These protocol require¬ 
ments are key to UPl software development. It is sug¬ 
gested that the reader not already familiar with the 


architecture and instruction set of the UPI-41A read the 
“Intel UPI-41 User’s Manual” before proceeding with 
this document. For convenience, the UPl block diagram 
and instruction set summary are reproduced in Figures 
1 and 2. 




Figure 1A. Program Memory Map 


Figure 1B. Data Memory Map 
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Figure 1C. UPI-41 A Block Diagram 













UPl INSTRUCTION SET 

Mnemonic Description 

Bytes 

Cycles 

ACCUMUUTOR 

ADD A.Rr 

Add register to A 

1 

1 

ADD A.@Rr 

Add data memory to A 

1 

1 

ADD A.ffdata 

Add immediate to A 

2 

2 

ADOC A.Rr 

Add immed to A with carry 

1 

1 

AOOC A.@Rr 

Add immed to A with carry 

1 

1 

ADDC A.ffdata 

Add immed. to A with carry 

2 

2 

ANL A.Rr 

AND register to A 

1 

1 

ANL A,@Rr 

AND data memory to A 

1 

1 

ANL A.#data 

AND immediate to A 

2 

2 

ORL A.Rr 

OR register to A 

1 

1 

ORL A,@Rr 

OR data memory to A 

1 

1 

ORL A ffdata 

OR immediate to A 

2 

2 

XRL A Rr 

Exclusive OR register to A 

1 

1 

XRL A.@Rr 

Exclusive OR data memory to A 1 

1 

XRL A.ffdata 

Exclusive OR immediate to A 

2 

2 

INC A 

Increment A 

1 

1 

DEC A 

Decrement A 

1 

1 

CLR A 

Clear A 

1 

1 

CPL A 

Complement A 

1 

1 

DA A 

Decimal Adjust A 

1 

1 

SWAP A 

Swap digits of A 

1 

1 

RL A 

Rotate A left 

1 

1 

RLC A 

Rotate A left through carry 

1 

1 

RR A 

Rotate A right 

1 

1 

RRC A 

Rotate A right through carry 

1 

1 

IMPUT/OUTPUT 

IN A.Pp 

Input port to A 

1 

2 

OUTL Pp.A 

Output A to port 

1 

2 

ANL Pp.ffdata 

AND immediate to port 

2 

2 


ORL PpJdata OR immediate to port 2 2 

IN A.OBB Input OBB to A. clear IBF 1 1 

OUT DBB.A Output A to OBB. set OBF 1 1 

MOVO A.Pp Input Expander port to A 12 

MOVD Pp.A Output A to Expander port 1 2 

ANLD Pp.A AND A to Expander port 1 2 

ORLD Pp.A OR A to Expander port 1 2 

DATA MOVES 

MOV A.Rr Move register to A 1 1 

MOV A.@Rr Move data memory to A 11 

MOV A.Mata Move immediate to A 2 2 

MOV Rr.A Move A to register 1 1 

MOV @Rr.A Move A to data memory 1 1 

MOV Rr.Hdata Move immediate to register 2 2 

MOV @Rr.#data Move immediate to data memory 2 2 

MOV A.PSW Move PSW to A 11 

MOV PSW.A Move A to PSW 1 1 

XCH A.Rr Exchange A and register 1 1 

XCH A.@Rr Exchange A aruj data memory 1 1 

XCHD A.@Rr Exchange digit of A and register 1 1 

MOVP A.@A Move to A from current page 1 2 

M0VP3. A.@A Move to A from page 3 1 2 


TIMER/COUNTER 

MOV A.T Read Timer/Counter 1 1 

MOV T.A Load Timer/Counter 1 1 

STRTT Start Timer 1 1 

STRTCNT Start Counter 1 1 

STOP TCNT Stop Timer/Counter 1 1 

EN TCNTI Enable Timer/Counter Interrupt 1 1 

DIS TCNTI Disable Timer/Counter Interrupt 1 1 


HiMinonic 

DMcription 

Bytes 

Cydee 

Mnemonic 

Deecripllon 

Bytee 

Cycles 

CONTROL 




CLR FI 

Clear FI Flag 

1 

1 

EN DMA 

Erwbla DMA Handshake Lines 

1 

1 

CPL FI 

Complement F1 Flag 

1 

1 

EN 1 

Enable IBF Intemjpt 

1 

1 

MOV STS, A 

A4-A7 to Bits 4-7 of Status 

1 , 

1 

DIS 1 

Disable IBF Interrupt 

1 

1 





EN FLAGS 

Enable Master Interrupts 

1 

1 





SEL RBO 

Select register bank 0 

1 

1 

BRANCH 




SEL RBI 

Select register bank 1 

1 

1 

JMP addr 

Jump unconditional 

2 

2 

NOP 

No Operation 

1 

1 

JMPP @A 

Jump indirect 

1 

2 

REGISTERS 




DJNZ R,addr 

Decrement register and skip 

2 

2 

INC Rr 

Increment register 

1 

1 

JC addr 

Jump on Carry = 1 

2 

2 

INC @Rr 

Increment data memory 

1 

1 

JNC addr 

Jump on Carry = 0 

2 

2 

DEC Rr 

Decrement register 

1 

1 

JZ addr 

Jump on A Zero 

2 

2 





JNZ addr 

Jump on A not Zero 

2 

2 

SUBROUTINE 




JTO addr 

Jump on TO = 1 

2 

2 

CALL addr 

Jump to subroutine 

2 

2 

JNTO addr 

Jump on TO = 0 

2 

2 

RET 

Return 

1 

2 

JT1 addr 

Jump on T1 = 1 

2 

2 

RETR 

Return and restore status 

1 

2 

JNT1 addr 

Jump on T1 =0 

2 

2 





JFO addr 

Jump on FO Flag= 1 

2 

2 

FLAGS 




JF1 addr 

Jump on FI Flags 1 

2 

2 

CLRC 

Clear Carry 

1 

1 

JTF addr 

Jump on Timer Flag = 1, Clear Flag 

2 

2 

CPLC 

Complement Carry 

1 

1 

JNIBF addr 

Jump on IBF Flag = 0 

2 

2 

CLR FO 

Clear Flag 0 

1 

1 

JOBF addr 

Jump on OBF Flag = 1 

2 

2 

CPL FO 

Complement Flag 0 

1 

1 

JBb addr 

Jump on Accumulator Bit 

2 

2 


Figure 2. UPI-41A Instruction Set Summary 


UPl/MASTER PROTOCOL 

As in most closely coupled multiprocessor systems, the 
various processors communicate via a shared resource. 
This shared resource is typically specific locations in 
RAM or in registers through which status and data are 
passed, in the case of a master processor and a UPI- 
41 A, the shared resource is 3 separate, master- 
addressable, registers internal to the UPl. These 
registers are the STATUS register (STATUS), the Data 
Bus Buffer Input register (DBBIN), and the Data Bus Out¬ 
put register (DBBOUT). [Data Bus Buffer direction Is 
relative to the UPl]. To illustrate this register interface, 
consider the 8086A/UPI system in Figure 3. 



9-6 





Looking into the DPI from the 8085A, the 8085A sees 
only the three registers mentioned above. If the 8085A 
wishes to issue a command to the DPI, it does so by 
writing the command to the DBBIN register according to 
the decoding of Figure 4. Data for the UPl is also passed 
via the DBBIN register. (The UPl differentiates com¬ 
mands and data by examining the AO pin. Just how this 
is done is covered shortly.) Data from the UPl for the 
8085A is passed in the DBBOUT register. The 8085A may 
interrogate the UPl’s status by reading the UPl’s 
STATUS register. Four bits of the STATUS register act 
as flags and are used to handshake data and commands 
Into and out of the UPl. The STATUS register format is 
shown in Figure 5. 

Bit 0 is OBF (Output Buffer Full). This flag indicates to 
the master when the UPl has placed data in the DBBOUT 
register. OBF is set when the UPl writes to DBBOUT and 
is reset when the master reads DBBOUT. The master 
finds meaningful data in the DBBOUT register only 
when OBF Is set. 

The Input Buffer Full (IBF) flag is bit 1. The UPl uses this 
flag as an indicator that the master has written to the 
DBBIN register. The master uses IBF to indicate when 
the UPl has accepted a particular command or data byte. 
The master should examine IBF before outputting 
anything to the UPl. IBF is set when the master writes to 
DBBIN and is reset when the UPl reads DBBIN. The 
master must wait until IBF = 0 before writing new data 
or commands to DBBIN. Conversely, the UPl must en¬ 
sure IBF= 1 before reading DBBIN. 

The third STATUS register bit is FO (Flag 0). This is gen¬ 
eral purpose flag that the UPl can set, reset, and test. It 
is typically used to indicate a UPl error or busy condition 
to the master. 

Flag 1 (F1) is the final dedicated STATUS bit. Like FO the 
UPl can set, reset, and test this flag. However, in addi¬ 
tion, F1 reflects the state of the AO pin whenever the 
master writes to the DBBIN register. The UPl uses this 
flag to delineate between master command and data 
writes to DBBIN. 


cs 

AO 

RD 

WR 

REGISTER 

0 

0 

0 

1 

READ DBBOUT 

0 

1 

0 

1 

READ STATUS 

0 

0 

1 

0 

WRITE DBBIN (DATA) 

0 

1 

1 

0 

WRITE DBBIN (COMMAND) 

1 

X 

X 

X 

NO ACTION 


Figure 4. Register Decoding 


STATUS REGISTER 


Ir I 6 I S I 4 I 3 I 2 I 1 I o| 

1 I I I I ^ OBF - DBBOUT FULL 

I-IBF - DBBIN FULL 

-FO — FLAGO 

-FI — FLAG 1 

-USER DEFINED 


Figure 5. Status Register Format 


The remaining four STATUS register bits are user defin¬ 
able. Typical uses of these bits are as status indicators 
for individual tasks in a multitasking UPl or as UPl gen¬ 
erated interrupt status. These bits find a wide variety of 
uses in the upcoming applications. 

Looking into the 8085A from the UPl, the UPl sees the 
two DBB registers plus the IBF, OBF, and F1 flags. The 
UPl can write from its accumulator to DBBOUT or read 
DBBIN Into the accumulator. The UPl cannot read OBF, 
IBF, or F1 directly, but these flags may be tested using 
conditional jump instructions. The UPl should make 
sure that OBF is reset before writing new data into 
DBBOUT to ensure that the master has read previous 
DBBOUT data. IBF should also be tested before reading 
DBBIN since DBBIN data is valid only when IBF is set. 
As was mentioned earlier, the UPl uses F1 to differenti¬ 
ate between command and data contents in DBBIN 
when IBF is set. The UPl may also write the upper 4-bits 
of its accumulator to the upper 4-bits of the STATUS reg¬ 
ister. These bits are thus user definable. 

The UPl can test the flags at any time during its internal 
program execution. It essentially “polls” the STATUS 
register for changes. If faster response is needed to 
master commands and data, the UPl’s internal interrupt 
structure can be used. If IBF interrupts are enabled, a 
master write to DBBIN (either command or data) sets 
IBF which generates an internal CALL to location OSH in 
program memory. At this point, working register con¬ 
tents can be saved using bank switching, the accumu¬ 
lator saved in a spare working register, and the DBBIN 
register read and serviced. The interrupt logic for the 
IBF interrupt is shown in Figure 6. A few observations 
concerning this logic are appropriate. Note that if the 
master writes to DBBIN while the UPl is still servicing 
the last IBF interrupt (a Return (RETR) instruction has 
not been executed), the IBF Interrupt Pending line is 
made high which causes a new CALL to OSH as soon as 
the first RETR is executed. No EN I (Enable Interrupt) in¬ 
struction is needed to rearm the interrupt logic as is 
needed in an 8080 or 8085A system; the RETR performs 
this function. Also note that executing a DISI to disable 
further IBF interrupts does not clear a pending interrupt. 
Only a CALL to location OSH or RESET clears a pending 
IBF Interrupt. 

Keeping in mind that the actual master/UPI protocol is 
dependent on the application, probably the best way to 
illustrate correct protocol is by example. Let’s consider 
using the UPl as a simple parallel I/O device. (This is a 
trivial application but it embodies all of the important 
protocol considerations.) Since the UPl may be either 
interrupt or non-interrupt driven internally, both cases 
are considered. 

Let’s take the easiest configuration first; using the UPl 
Port 1 as an 8-blt output port. From the UPl’s point-of- 
view, this is an input-only application since all that is 
required is that the UP! input data from the master. 
Once the master writes data to the UPl, the UPl reads 
the DBBIN register and transfers the data to Port 1. No 
testing for commands vs data is needed since the UPl 
“knows” it only performs one task — no commands are 
needed. 
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Non-interrupt driven UPl soft\«are is shown in Figure 7A 
whiie Figure 7B shows interrupt based software. For 
Figure 7A, the UPl simpiy waits untii it sees iBF go high 
indicating the master has written a data byte to DBBIN. 
The UPl then reads DBBIN, transfers it to Port 1, and 
returns to waiting for the next data. For the interrupt- 
driven UPl, Figure 7B, once the EN I instruction is exe¬ 
cuted, the UPl simply waits for the IBF Interrupt before 
handling the data. The UPl could handle other tasks dur¬ 
ing this waiting time. When the master writes the data to 
DBBIN, an IBF interrupt is generated which performs a 
CALL to location 03H. At this point the UPl reads DBBIN 
(no testing of IBF is needed since an IBF interrupt 
implies that IBF is set), transfers the data to Port 1, and 
executes an RETR which returns program flow to the 
main program. 

Software for the master 8085A is included in Figure 7C. 
The only requirement for the master to output data to 
the UP! is that it check the UPl to be sure the previous 
data had been taken before writing new data. To accom¬ 
plish this the master simply reads the STATUS register 
looking for IBF = 0 before writing the next data. 


; UPl INPUT ONLY EXAMPLE - PORT 1 USED AS OUTPUT PORT 
; DATA INPUT IS INTERRUPT-DRIVEN ON IBF 

RESET: EN I ; ENABLE IBF INTERRUPTS 

JMP RESET+ 1 ; LOOP WAITING FOR INPUT 

IBFINT. IN A, DBB ; READ DATA FROM DBBIN 

OUTL P1, A : TRANSFER DATA TO PORT 1 

RETR ; RETURN WITH RESTORE 


Figue 7B. Single Output Port Example — Interrupt 


; 8085 SOFTWARE FOR UPl INPUT-ONLY EXAMPLE 
DATA FOR OUTPUT IS PASSED IN REG. C 

UPIOUT: IN STATUS ; READ UPl STATUS 

ANI IBF ; LOOK AT IBF 

JNZ UPIOUT ; WAIT FOR IBF = 0 

MOV A. C ; GET DATA FROM C 

OUT DBBIN ; OUTPUT DATA TO DBBIN 

RET : DONE, RETURN 


Figure 7C. 80B5A Code for Single Output Port Example 


UPl INPUT ONLY EXAMPLE - PORT 1 USED AS OUTPUT PORT 
UPl POLLS IBF FOR DATA 


RESET: JNIBF RESET 

IN A, DBB 

OUTL PI. A 

JMP RESET 


WAIT ON IBF FOR INPUT 
INPUT THERE. SO READ IT 
TRANSFER DATA TO PORT 1 
GO WAIT FOR NEXT DATA 


Figure 7A. Single Output Port Example — Polling 


Figure 8A iiiustrates the case where UPl Port 2 is used 
as an 8-bit input port. This configuration is termed UPl 
output-only as the master does not write (input) to the 
UPl but simply reads either the STATUS or the DBBOUT 
registers. In this example only the OBF flag is used. 
OBF signals the master that the UPl has placed new 
port data in DBBOUT. The UPl loops testing OBF. When 
OBF is clear, the master has read the previous data and 
UPl then reads its input port (Port 2) and places this data 
in DBBOUT. It then waits on OBF until the master reads 
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DBBOUT before reading the input port again. When the 
master wishes to read the input port data, Figure 8B, it 
simply checks for OBF being set in the STATUS register 
before reading DBBOUT. Whiie this technique il¬ 
lustrates proper protocol, it shouid be noted that it is 
not meant to be a good method of using the UP! as an in¬ 
put port since the master would never get the newest 
status of the port. 

The above examples can easily be combined. Figure 9 
shows UPl software to use Port 1 as an output port 
simultaneously with Port 2 as an input port. The pro¬ 
gram starts with the UPl checking IBF to see if the 
master has written data destined for the output port into 
DBBIN. If IBF is set, the UPi reads DBBIN and transfers 
the data to the output port (Port 1). If IBF is not set or 
once the data is transferred to the output port if it was, 
OBF is tested. If OBF is reset (Indicating the master has 
read DBBOUT), the input port (Port 2) is read and trans¬ 
ferred to DBBOUT. If OBF is set, the master has yet to 
read DBBOUT so the program just loops back to test 
IBF. 


UPl OUTPUT ONLY EXAMPLE PORT 2 USED AS INPUT PORT 
PORT DATA IS AVAILABLE IN DBBOUT 


RESET: 

JOBF 

RESET 

; LOOP IF OBF = 1 (DATA NOT READ) 


IN 

A, P2 

; DBBOUT CLEAR. READ PORT 


OUT 

DBB. A 

: TRANSFER PORT DATA TO DBBOUT 


JMP 

RESET 

; WAIT FOR MASTER TO READ DATA 


Figure 8A. Single Input Port Example 


8085 SOFTWARE FOR UPl OUTPUT-ONLY EXAMPLE 
INPUT DATA RETURNED IN REG. A 


IN 

STATUS 

: READ UPl STATUS 

ANI 

OBF 

: LOOK AT OBF 

JZ 

UPMN 

; WAIT UNTIL OBF = 1 

IN 

DBBOUT 

; READ DBBOUT 

RET 


; RETURN WITH DATA IN A 


The master software is identical to the separate input/ 
output examples; the master must test IBF and OBF 
before writing output port data into DBBIN or before 
reading input port data from DBBOUT respectively. 

In all of the three examples above, the UPl treats Infor¬ 
mation from the master solely as data. There has been 
no need to check if DBBIN information is a command 
rather than data since the applications do not require 
commands. But what if both Port 1 and 2 were used as 
output ports? The UPl needs to know into which port to 
put the data. Let’s use a command to select which port. 

Recall that both commands and data pass through 
DBBIN. The state of the AO pin at the time of the write to 
DBBIN is used to distinguish commands from data. By 
convention, DBBIN writes with A0 = 0 are for data, and 
those with A0= 1 are commands. When DBBIN is writ¬ 
ten into, F1 (Flag 1) is set to the state of AO. The UPl 
tests F1 to determine If the information in the DBBIN 
register is data or a command. 

For the case of two output ports, let’s assume that the 
master selects the desired port with a command prior to 
writing the data. (We could just use F1 as a port select 
but that would not illustrate the subtle differences 
between commands and data.) Let’s define the port 
select commands such that bit 1 = 1 if the next data is 
for Port 1 (Write Port 1 = 0000 0010) and bit 2 = 1 if the 
next data is for Port 2 (Write Port 2 = 0000 0100). (The 
number of the set bit selects the port.) Any other bits are 
ignored. This assignment is completely arbitrary; we 
could use any command structure, but this one has the 
advantage of being simple. 

Note that the UPl must “remember” from DBBIN write 
to write which port has been selected. Let’s use FO (Flag 
0) for this purpose. If a Write Port 1 command Is 
received, FO Is reset. If the command is Write Port 2, FO 
is set. When the UPl finds data in DBBIN, FO is Interro¬ 
gated and the data is loaded into the previously selected 
port. The UPl software is shown In Figure 10A. 


Figure 8B. 8085A Single Input Port Code 


UPl DUAL OUTPUT PORT EXAMPLE • BOTH PORT 1 AND 2 OUTPUTS 
COMMAND SELECTS DESIRED PORT 
WRITE PORT 1 ■ 0000 0010 (02H) 

WRITE PORT 2 - 0000 0100 (04H) 

FLAG 0 USED TO REMEMBER WHICH PORT WAS SELECTED 
BY LAST COMMAND. 






RESET: 

JNIBF 

RESET 

WAIT FOR MASTER INPUT 






IN 

A, DBB 

READ INPUT 

:UPI INPUT/OUTPUT EXAMPLE • PORT 1 OUTPUT. PORT 2 INPUT 


JF1 

CMD 

IF FI = 1, COMMAND INPUT 






JFO 

PORT2 

INPUT IS DATA, TEST FO 

RESET: 

JNIBF 

OUT1 

IF IBF = 0, DO OUTPUT 


OUTL 

PI, A • 

F0 = 0, SO OUTPUT TO PORT 1 


IN 

A, DBB 

IF IBF = 1. READ DBBIN 


JMP 

RESET 

WAIT FOR NEXT INPUT 


OUTL 

PI, A 

TRANSFER DATA TO PORT 1 

PORT2: 

OUTL 

P2. A 

FO =: 1. SO OUTPUT TO PORT 2 

OUT1: 

JOBF 

RESET 

IF OBF = 1. GO TEST IBF 


JMP 

RESET 

WAIT FOR NEXT INPUT 


IN 

OUT 

A, P2 

DBB. A 

IF OBF:x0, READ PORT 2 

TRANSFER PORT DATA TO DBBOUT 

CMD: 

JB1 

JB2 

PT1 

PT2 

TEST COMMAND BITS (BIT 1) 

TEST BIT 2 


JMP 

RESET 

GO CHECK FOR INPUT 


JMP 

RESET 

NEITHER BIT SET. WAIT FOR INPUT 





PT1: 

CLR 

FO 

PORT 1 SELECTED, CLEAR FO 






JMP 

RESET 

WAIT FOR INPUT 





PT2: 

CLR 

FO 

PORT 2 SELECTED, SET FO 






CPL 

FO 







JMP 

RESET 

WAIT FOR INPUT 


Figure 9. Combination Output/Input Port Example 


Figure 10A. Dual Output Port Example 


9-8 











Initially, the UPl simply waits until IBF is set indicating 
the master has written into DBBIN. Once IBF is set, 
DBBIN is read and F1 is tested for a command. If F1 = 1, 
the DBBIN byte is a command. Assuming a command, 
bit 1 is tested to see if the command selected port 1. If 
so, FO is cleared and the program returns to wait for the 
data. If bit 1 = 0, bit 2 is tested. If bit 2 is set, Port 2 is 
selected so FO is set. The program then loops back wait¬ 
ing for the next master input. This input is the desired 
port data. If bit 2 was not set, FO is not changed and no 
action is taken. 

When IBF = 1 Is again detected, the input is again tested 
for command or data. Since It is necesarily data, DBBIN 
is read and FO is tested to determine which port was pre¬ 
viously selected. The data is then output to that port, 
following which the program waits for the next Input. 
Note that since FO still selects the previous port, the 
next input could be more data for that port. The port 
selection command could be thought of as a port select 
flip-flop control; once a selection is made, data may be 
repeatedly written to that port until the other port is 
selected. Master software. Figure 10B, simply must 
check IBF before writing either a command or data to 
DBBIN. Otherwise, the master software Is straight¬ 
forward. 

For the sake of completeness, UPl software for Imple¬ 
menting two input ports is given in Figure 11. This case 
is simpler than the dual output case since the UPl can 
assume that all writes to DBBIN are port selection com¬ 
mands so no command/data testing is required. Once 
the Port Read command is Input, the selected port is 
read and the port data is placed in DBBOUT. Note that in 
this case FO is used as a UPl error indicator. If the 
master happened to issue an invalid command (a com¬ 
mand without either bit 1 or 2 set), FO is set to notify the 
master that the UPl did not know how to interpret the 
command. FO is also set if the master commanded a 
port read before it had read DBBOUT from the previous 
command. The UPl simply tests OBF just prior to 
loading DBBOUT and if OBF = 1, FO is set to indicate the 
error. 

All of the above examples are, in themselves, rather triv¬ 
ial applications of the UPl although they could easily be 
incorporated as one of several tasks in a UPl handling 
multiple small tasks. We have covered them primarily to 
introduce the UPl concept and to illustrate some 
master/UPI protocol. Before moving on to more realistic 
UPl applications, let’s discuss two UPl features that do 
not directly relate to the master/UPI protocol but greatly 
enhance the UPl’s data transfer capability. 

In addition to the OBF and IBF bits in the STATUS reg¬ 
ister, these flags can also be made available directly on 
two port pins. These port pins can then be used as inter¬ 
rupt sources to the master. By executing an EN FLAGS 
instruction. Port 2 pin 4 reflects the condition of OBF 
and Port 2 pin 5 reflects the inverted condition of IBF 
(IBF). These dedicated outputs can then be enabled or 
disabled via their respective port bit values; i.e., P24 
reflects OBF as long as an instruction Is executed 
which sets P24 (i.e. ORL P2,#10H). The same action 
applies to the IBF output except P25 is used. Thus P24 
may serve as a DATA AVAILABLE interrupt output. Like¬ 


wise for P25 as a READY-TO-ACCEPT-DATA Interrupt. 
This greatly simplifies Interrupt-driven master-slave 
data transfers. 


8085 SOFTWARE FOR DUAL OUTPUT PORT EXAMPLE 

THIS ROUTINE WRITES DATA IN REG. C TO PORT 1 
(SAME ROUTINE FOR PORT 2 • JUST CHANGE COMMAND) 


PORT1: 


PI: 


IN 

ANI 

JNZ 

MVI 

OUT 

IN 

ANI 

JNZ 

MOV 

OUT 

RET 


STATUS ; 

IBF ; 

PORT1 ; 

A,0000001OB 
UPlCMD ; 

STATUS : 

IBF ; 

PI ; 

A.C ; 

DBBIN 


READ UPl STATUS 
LOOK AT IBF 
WAIT UNTIL IBF=:0 

; LOAD WRITE PORT1 CMD 
OUTPUT TO UPl COMMAND PORT 
READ UPl STATUS AGAIN 
LOOK AT IBF 

WAIT UNTIL COMMAND ACCEPTED 
GET DATA FROM C 
OUTPUT TO DBBIN 
DONE. RETURN 


Figure 10B. 8085A Dual Output Port Example Code 


UPl DUAL INPUT PORT EXAMPLE ■ BOTH PORT 1 AND 2 INPUTS 
COMMAND SELECTS WHICH PORT IS TO BE READ 
FLAG 0 USED AS ERROR FLAG 


RESET: 

ERROR: 

PT1: 

PT2: 


JNIBF 

CLR 

IN 

JB1 

JB2 

CPL 

JMP 

IN 

JOBF 

OUT 

JMP 

IN 

JOBF 

OUT 

JMP 


RESET 

FO 

A, DBB 
PT1 
PT2 
FO 

RESET 
A, PI 
ERROR 
DBB. A 
RESET 
A, P2 
ERROR 
DBB, A 
RESET 


WAIT FOR INPUT 
CLEAR ERROR FLAG 
READ INPUT (COMMAND) 

TEST BIT 1 (PORT1) 

TEST BIT 2 (PORT2) 

ERROR • COMPLEMENT FO 
WAIT FOR INPUT 
READ PORT 1 

TEST OBF BEFORE LOADING DBBOUT 
LOAD PORT1 DATA INTO DBBOUT 
WAIT FOR INPUT 
READ PORT 2 

TEST OBF BEFORE LOADING DBBOUT 
LOAD PORT2 DATA INTO DBBOUT 
WAIT FOR INPUT 


Figure 11. Dual Input Port Example 


The UP! also supports a DMA transfer interface. If an EN 
DMA instruction is executed, Port 2 pin 6 becomes a 
DMA Request (DRQ) output a nd P27 becomes a high im¬ 
pedance DMA Acknowledge (DACK) input. Any instruc¬ 
tion which woul d norm ally set P26 now_^ts DRQ . DRQ 
Is clea red wh en DACK is low and either RD or WR is low. 
When DACK is low, CS and AO are forced low internally 
which allows data bus transfers between DBBOUT or 
DBBIN to occur, depending upon whether WR or RD is 
true. Of course, the function requires the use of an 
external DMA controller. 

Now that we have discussed the aspects of the UPl pro¬ 
tocol and data transfer interfaces, let’s move on to the 
actual applications. 

EXAMPLE APPLICATIONS 

Each of the following three sections present the hard¬ 
ware and software details of a UPl application. Each 
application utilizes one of the protocols mentioned in 
the last section. The first example is a simple 8-digit 
LED display controller. This application requires only 
that the UPl perform input operations from the DBBIN; 
DBBOUT is not used. The reverse is true for the second 
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application: a sensor matrix controller. The final applica¬ 
tion involves both DBBOUT and DBBIN operations: a 
combination serial/parallel I/O device. 

The core master processor system with which these 
applications were developed is the iSBC 80/30 single 
board computer. This board provides an especially con¬ 
venient UPl environment since it contains a dedicated 
socket specifically interfaced for the UPI-41A. The 80/30 
uses the 8085A as the master processor. The I/O and 
peripheral compliment on the 80/30 include 12 vectored 
priority interrupts (8 on an 8259 Programmable Interrupt 
Controller and 4 on the 8085A itself), an 8253 Program¬ 
mable Interval Timer supplying three 16-bit program¬ 
mable timers (one is dedicated as a programmable baud 
rate generator), a high speed serial channel provided by 
a 8251 Programmable USART, and 24 parallel I/O lines 
implemented with an 8255A Programmable Parallel 
Interface. The memory compliment contains 16K bytes 
of RAM using 2117 16K bit Dynamic RAMs and the 8202 
Dynamic RAM Controller, and up to 8K bytes of 


ROM/EPROM with sockets compatible with 2716, 2758, 
or 2332 devices. The 80/30’s RAM uses a dual port 
architecture. That is, the memory can be considered a 
global system resource, accessible from the on-board 
8085A as well as from remote CPUs and other devices 
via the MULTIBUS. The 80/30 contains MULTIBUS con¬ 
trol logic which allows up to 16 80/30s or other bus 
masters to share the same system bus. (More detailed 
information on the iSBC 80/30 and other iSBC products 
may be found in the latest Intel Systems Data Catalog.) 

A block diagram of the iSBC 80/30 Is shown in Figure 12. 
Details of the UPt interface are shown in Figure 13. This 
interface decodes the UPl registers in the following 
format: 


Regtot«r Op«rationt 

Read STATUS IN ESH 

Write DBBIN (command) OUT ESH 

Read DBBOUT (data) IN E4H 

Write DBBIN (data) OUT E4H 
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Figure 13. UP! Interface on iSBC 80/30 


8<Dlgit Multiplexed LED Display 

The traditional method of interfacing an LED display 
with a microprocessor is to use a data latch along with a 
BDC-to-7-segment decoder for each digit of the display. 
Thus two ICs, seven current limiting resistors, and 
about 45 connections are required for each digit. These 
requirements are, of course, multiplied by the total num¬ 
ber of digits desired. The obvious disadvantages of this 
method are high parts count and high power dissipation 
since each digit is “ON” continuously. Instead, a 
scheme of time multiplexing the display can be used to 
decrease both parts count and power dissipation. 

Display multiplexing basically involves connecting the 
same segment (a, b, c, d, e, f, or g) of each digit in paral¬ 
lel and driving the common digit element (anode or cath¬ 
ode) of each digit separately. This is shown schematic¬ 
ally in Figure 14. The various digits of the display are not 
all on at once; rather, only one digit at a time is ener¬ 
gized. As each digit is energized, the appropriate seg¬ 
ments for that digit are turned on. Each digit is enabled 
in this way, in sequence, at a rate fast enough to ensure 
that each digit appears to be “ON” continuously. This 
implies that the display must be “refreshed” at periodic 
intervals to keep the digits flicker-free. If the CPU had to 
handle this task. It would have to suspend normal proc¬ 
essing, go update the display, and then return to its nor¬ 


mal flow. This extra burden is ideally handled by a UPl. 
The master CPU could simply give characters to the UPl 
and let the UPl do the actual segment decoding, display 
multiplexing, and refreshing. 


+ 5V 



—2907 DIGIT DRIVERS 


Figure 14. LEO Multiplexing 
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As an example of this technique, Figure 15 shows the 
UPl controlling an 8-digit LED dispiay. Aii digit seg¬ 
ments are connected in paraiiel and are driven through 
segment drivers by the UPl’s Port 1. The iower 3 bits of 
Port 2 are inputs to a 3-to-8 decoder which selects an 
individual digit through a digit driver. A fourth Port 2 iine 
is used as a decoder enabie input. The remaining Port 2 
lines plus the TO and T1 inputs are avaiiable for other 
tasks. 

Internaiiy, the UPl uses the counter/timer in the interval 
timer mode to define the interval between display 
refreshes. Once the timer is loaded with the desired 
interval and started, the UPl is free to handle other 
tasks. It is only when a timer overflow interrupt occurs 
that the UPl handies the short display multiplexing rou¬ 
tine. The display multiplexing can be considered a back¬ 
ground task which Is entirely interrupt-driven. The 
amount of time spent multiplexing is such that there is 
ample time to handle a non-timer task in the UPl fore¬ 
ground. (We’ll discuss this timing shortly.) 

When a timer interrupt occurs, the UPl turns off all 
digits via the decoder enable. The next digit’s segment 
contents are retrieved from the internal data memory 
and output via Port 1 to the segment drivers. Finally, the 
next digit’s location is placed on Port 2 (P20-P22) and 
the decoder enabled. This displays the digit’s segment 
Information until the next Interrupt. The timer Is then 
restarted for the next Interval. This process continues 
repeatedly for each digit in sequence. 

As a prelude to discussing the UPl software, let’s exam¬ 
ine the internal data memory structure used in this 
application, Figure 16. This application requires only 14 
of the 64 total data memory locations. The top eight 
locations are dedicated to the Display Map; one location 
for each digit. These locations contain the segment and 
decimal point information for each character. Just how 
characters are loaded into this section of memory is 
covered shortly. Register R7 of Register Bank 1 is used 


as the temporary Accumulator store during the interrupt 
service routines. Register R3 stores the digit number of 
the next digit to be displayed. R2 is a temporary storage 
register for characters during the character input 
routine. RO is the offset pointer pointing to the Display 
Map location of the next digit. That makes 12 locations 
so far. The remaining two locations are the two stack 
locations required to store the return address plus 
status during the timer and input interrupt service rou¬ 
tines. The remaining unused locations, all of Register 
Bank 0, 14 bytes of stack, 4 in Register Bank 1, and 24 
general purpose RAM locations, are all available for use 
by any foreground task. 


DISPLAY MAP 

8 x8 

USER RAM 

24x8 

(NOT USED) 

ACCUMULATOR STORE 

NOT USED 

NOT USED 

NOT USED 

DIGIT COUNTER 

TEMPORARY STORE 

NOT USED 

DISPLAY MAP POINTER 

STACK 

16x8 

UNUSED 

8 x8 


R7 

R6 

R5 

R4 

R3 

R2 

R1 

RO 


REGISTER 
BANK 1 


REGISTER 

BANKO 


Figure 16. LED Display Controller Data Memory Allocation 


+ 5V 



DIGIT 

DRIVERS 


Figure IS. UPl Controlled S-DIglt LED Display 
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The DPI software consists of only three short routines. 
One, INIT, Is used strictly during Initialization. DiSPLA 
is the multiplexing routine called at a timer interrupt. 
INPUT is the character input handler called at an IBP 
interrupt. The flow charts for these routines are shown 
In Figures 17A thru 17C. 



SWITCH TO RBI 
SAVE ACCUMULATOR 


TURN OFF ALL DIGIT 
DRIVERS 


UPDATE DISPLAY 
MAP POINTER 


GET SEGMENT INFO 
FROM DISPLAY MAP 


OUTPUT TO SEGMENT 
DRIVERS 


TURN ON DIGIT 
DRIVER 


{INCREMENT DIGITCOUn7er| 



LOAD AND START TIMER | 

X 

I RESTORE ACCUMULATOR I 

' T —* 


Figure 17C. DISPLA Routine Flow 


Figure 17A. INIT Routine Flow 



Figure 17B. INPUT Routine Flow 


INIT initializes the UPl by simply turning off all segment 
and digit drivers, filling the Display Map with blank char¬ 
acters, loading and starting the timer, and enabling both 
timer and IBP Interrupts. Although the flow chart shows 
the program looping at this point, it is here that the code 
for any foreground task Is inserted. The only restrictions 
on this foreground task are that it not use I/O lines dedi¬ 
cated to the display and that it not require dedicated use 
of the timer. It could share the timer if precautions are 
taken to ensure that the display will still be refreshed at 
the required interval. 

The INPUT routine handles the character input. It is 
called when an IBP interrupt occurs. After the usual 
swapping of register banks and saving of the accumu¬ 
lator, DBBIN is read and stored in register R2. DBBIN 
contains the Display Data Word. The format for this 
word. Figure 18, has two fields: Digit Select and Char¬ 
acter Select. The Digit Select field selects the digit num¬ 
ber into which the character from the Character Select 
field is placed. Notice that the character set is not lim¬ 
ited strictly to numerics, some alphanumeric capability 
is provided. Once DBBIN is read, the offset for the 
selected digit is computed and placed in the Display 
Map Pointer RO. Next the segment information for the 
selected character Is found through a look-up table 
starting in page 3 of the program memory. This segment 
information is then stored at the location pointed at by 
the Display Map Pointer. If the Character Select field 
specified a decimal point, the segment correponding 
the decimal point is ANDed into the present segment 
information for that digit. After the accumulator is 
restored, execution is returned to the main program. 
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DISPLAY DATA WORD 


DIQIT Si 

ELECT 

7 6 5 

DIQIT 

0 0 0 

1 

0 0 1 

2 

0 1 0 

3 

0 1 1 

4 

1 0 0 

5 

1 0 1 
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1 1 0 
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1 1 1 

a 


I 


CHARACTER 8 

ELECT 

4 

3 

2 

1 

0 

CHAR 

0 

0 

0 

0 

0 

a 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

0 

3 

0 

0 

0 

1 

1 

3 

0 

0 

1 

0 

0 

4 

0 

0 

1 

0 
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0 
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1 

1 

0 

£ 

0 
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1 
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1 

0 
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L 
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1 

1 
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n 

1 
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1 

1 

0 

0 

0 

P 

1 

1 

0 

0 

1 

r 

1 

1 

0 

1 

0 

k 

1 

1 

0 

1 

1 

U 

1 

1 

1 

0 

0 

Y 

1 

1 

1 

0 

1 

- 

1 

1 

1 

1 
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1 

1 

1 

1 

1 

blank 


Figure 18. LEO Display Controller Display Data Word Format 


8085A software takes care of the display digit number¬ 
ing. Since the application is input-only for the UPl, the 
only protocol required Is that the master must test IBP 
before writing a Display Data Word into DBBIN. 

On the iSBC 80/30, the UPl frequency is at 5.5296 MHz. 
To obtain a flicker-free display, the whole display must 
be refreshed at a rate of 50 Hz or greater, if we assume a 
50 Hz refresh rate and an 8-dlgit display, this means the 
DISPLA routine must be CALLed 50x8 or 400 times/ 
sec. This translates, using the timer interval of 87 ^s at 
5.5296 MHz, to a timer count of 227. (Recall from the 
UPI-41 User's Manual that the timer is an “8-bit up- 
counter’’.) Hence the TIME equate of 227D In the UPl 
listing. Obviously, different frequency sources or 
display lengths would require that this equate be 
modified. 

With the UPl running at 5.5296 MHz, the instruction 
cycle time is 2.713 /iS. The DISPLA routine requires 28 
instruction cycles, therefore, the routine executes in 76 
fdS. Since DISPLA is CALLed 400 times/sec, the total 
time spent refreshing the display during one second is 
then 30 ms or 3% of the total UPl time. This leaves 
97.0% for any foreground tasks that could be added. 

While the basic UPl software is useful just as it stands, 
there are several enhancements that could be incor¬ 
porated depending on the application. Auto¬ 
incrementing of the digit location could be added to the 
Input routine to alleviate the need for the master to keep 
track of digit numbers. This could be (optionally) either 
right-handed or left-handed entry a la Tl or HP 
calculators. The character set could be easily modified 
by simply changing the lookup table. The display could 
be expanded to 16 digits at the expense of one addi¬ 
tional Port 2 digit select line, the replacement of the 
3-to-8 decoder with a 4-to-16 decoder, and 8 more 
Display Map locations. 

Now let’s move on to a slightly more complex applica¬ 
tion that is UPl output-only — a sensor matrix con¬ 
troller. 


The DISPLA routine simply implements the multiplexing 
actions described earlier. It is called whenever a timer 
interrupt occurs. After saving pre-interrupt status by 
switching register banks and storing the Accumulator, 
all digit drivers are turned off. The Display Map Pointer 
is then updated using the Current Digit Register to point 
at that digit’s segment information In the Display Map. 
This information is output to Port 1; the segment 
drivers. The number of the current digit, R3, is then sent 
to the digit select decoder and the decoder is enabled. 
This turns on the current digit. The digit counter Is 
incremented and tested to see if all eight digits have 
been refreshed. If so, the digit counter is reset to zero. If 
not, nothing is done. Finally, the timer is loaded and 
restarted, the Accumulator is restored, and the routine 
returns execution to the main program. Thus DISPLA 
refreshes one digit each time it is CALLed by the timer 
interrupt. The digit remains on until the next time 
DISPLA is executed. 

The UPl software listing is included as Appendix A1. 
Appendix A2 shows the 8085A test routine used to dis¬ 
play the contents of a display buffer on the display. The 


Sensor Matrix Controller 

Quite often a microprocessor system is called upon to 
read the status of a large number of simple SPST 
switches or sensors. This is especially true in a process 
or industrial control environment. Alarm systems are 
also good examples of systems with a iarge sensor pop¬ 
ulation. If the number of sensors is small, it might be 
reasonable to dedicate a single input port pin for each 
sensor. However, as the number of sensors increase, 
this technique becomes very wasteful. A better arrange¬ 
ment is to configure the sensors in a matrix organiza¬ 
tion like that shown in Figure 19. This arrangement of 16 
sensors requires only 4 input and 4 output lines; half the 
number needed if dedicated inputs were used. The line 
saving becomes even more substantial as the number of 
sensors increases. 

In Figure 19, the basic operation of the matrix involves 
scanning individual row select lines in sequence while 
reading the column return lines. The state of any par¬ 
ticular sensor can then be determined by decoding the 
row and column information. The typical configuration 
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pulls up the column return lines and the selected row is 
heid low. Deselected rows are held high. Thus a return 
line remains high for an open sensor on the seiected 
row and is pulled low for a closed sensor. Diode isoia- 
tion is used to prevent a phantom closure which would 
occur when a sensor is closed on a selected row and 
there are two or more closures on a deselected row. Ger¬ 
manium diodes are used to provide greater noise margin 
at the return line input. 

If the main processor was required to control such a 
matrix it would periodically have to output at the row 
port and then read the column return port. The proc¬ 
essor would need to maintain in memory a map of the 
previous state of the matrix. A comparison of the new 
return information to the old information would then be 
made to determine whether a sensor change had 
occurred. Any changes wouid be processed as needed. 
A row counter and matrix map pointer also require main¬ 
tenance each scan. Since in most applications sensors 
change very slowly compared to most processing 
actions, the processor probably would scan the rows 
only periodically with other tasks being processed 
between scans. 

Rather than require the processor to handle the rather 
mundane tasks of scanning, comparing, and decoding 
the matrix, why not use a dedicated processor? The UPl 
is perfect. 


Figure 20 shows a UPl configuration for controlling up 
to 128 sensors arranged in a 16x8 matrix. The 4-to-16 
line decoder is used as the row seiector to save port 
pins and provides the expansion to 128 sensors over the 
maximum of 64 sensors if the port had been used 
directly. It also helps increase the port drive capability. 
The column return lines go directly Into Port 1. Features 
of this design include complete matrix management. As 
the UPl scans the matrix it compares its present status 
to the previous scan. If any change is detected, the loca¬ 
tion of the change is decoded and loaded, along with the 
sensor’s present state, into DBBOUT. This byte is called 
a Change Word. The Master processor has only to read 
one byte to determine the status and coordinate of a 
changed sensor. If the master had not read a previous 
Change Word In DBBOUT (OBF = 1) before a new sensor 
change is detected, the new Change Word is loaded into 
an internal FIFO. This FIFO buffers up to 40 changes 
before it fills. The status of the FIFO and OBF is made 
available to the master either by polling the UPl STATUS 
register, Figure 21 A, or as interrupt sources on port pins 
P24 and P25 respectively. Figure 20. The FIFO NOT 
EMPTY pin and bit are true as long as there are changes 
not yet read in the FIFO. As long as the FIFO is not emp¬ 
ty, the UPl monitors OBF and loads new Change Words 
from the FIFO into DBBOUT. Thus, the UPl provides 
complete FIFO management. 




Figure 20. 128 Sensor Matrix Controiier 


STATUS REGISTER 


OBF - CHANGE WORD READY (P2S) 
IBF ) 

FI I NOT USED 
FO j 

FIFO NOT EMPTY (P24) 

NOT USED 


Figure 21 A. Sensor Matrix Status Register Format 


DBBOUT REGISTER — CHANGE WORD 


SENSOR COORDINATE 


SENSOR STATE 
Os CLOSED 
IsOPEN 




Figure 19. 4x4 Sensor Matrix 


Figure 21B. Sensor Matrix Change Word Format 
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Internally, the matrix scanning software is programmed 
to run as a foreground task. This allows the timer/ 
counter to be used by any background task aithough the 
hardware configuration leaves only 2 inputs (TO and T1) 
plus 2 I/O port pins available. Also, to add a background 
task, the FIFO would have to be made smaller to accom¬ 
modate the needed register and data memory space. (It 
would be possible however to turn the table here and 
make the scanning software timer/counter interrupt- 
driven where the timer times the scan interval.) 

The data memory organization for this application is 
shown In Figure 22. The upper 16 bytes form the Matrix 
Map and store the sensor states from the previous scan; 
one bit for each sensor. The Change Word FIFO occu¬ 
pies the next 40 locations. (The top and bottom 
addresses of this FIFO are treated as equate variables in 
the program so that the FIFO size may easily be 
changed to accommodate the register needs of other 
tasks.) Register RO serves as a pointer into the matrix 
map area for comparisons and updates of the sensor 
status. R1 is a general FIFO pointer. The FIFO is Imple¬ 
mented as a circular buffer with In and Out pointer reg¬ 
isters which are stored in R4 and R5 respectively. These 
registers are moved into FIFO pointer R1 for actual 
transfers into or out of the FIFO. R2 is the Row Select 
Counter. It stores the number of the row being scanned. 



Figure 22. Sunsor Matrix Data Memory Map 


Register R3 is the Column Counter. This counter is nor¬ 
mally set to OOH; however, when a change is detected 
somewhere in a particular row, it is used to inspect each 
sensor status bit individually for a change. When a 
changed sensor bit is found, the Row Select Counter 
and Column Counter are combined to give the sensor’s 
matrix coordinate. This coordinate is temporarily stored 
in the Change Word Store, register R6. Register R7 is 
the Compare Result. As each row is scanned, the return 
Information is Exclusive-OR’d with the return informa¬ 
tion from the previous scan of that row. The result of 
this operation is stored In R7. If R7 is zero, there have 
been no changes on that row. A non-zero result in¬ 
dicates at least one changed sensor. 

The basic program operation Is shown In the flow chart 
of Figure 23. At RESET, the software initializes the work¬ 
ing registers, the ports, and clears the STATUS register. 
To get a starting point from which to perform the sensor 
comparisons, the current status of the matrix is read 
and stored in the Matrix Map. At this point, the UPl 
begins looking for changed sensors starting with the 
first row. 

Before delving further into the flow, let’s pause to 
describe the general format of the operation. The UPl 
scans the matrix one row at a time. If no changes are 
detected on a particular row, the UPl simply moves to 
the next row after checking the status of DBBOUT and 
the FIFO. If a change Is detected, the UPl must check 
each bit (sensor) within the row to determine the actual 
sensor location. (More than one sensor on the scanned 
row could have changed.) Rather than test all 8 bits of 
the row before checking the DBBOUT and FIFO 
status again, the UPl performs the status check in 
between each of the bit tests. This ensures the fastest 
response to the master reading previous Change Words 
from DBBOUT and the FIFO. 

With this general overview in mind, let’s go first thru the 
flow chart assuming we are scanning a row where no 
changes have occurred. Starting at the Scan-and- 
Compare section, the UPl first checks if the entire 
matrix has been scanned. If it has, the various pointers 
are reset. If not, the address of the next row is placed on 
Port 20 thru 23. This selects the desired row. The state 
of the row Is then read on Port 1; the column return 
lines. This present state is compared to the previous 
state by retrieving the previous state from the matrix 
map and performing an ExclusIve-OR with the present 
state. Since we are assuming that no change has oc¬ 
curred, the result is zero. No coordinate decoding is 
needed and the flow branches to the FIFO-DBBOUT 
Management section. 

The FIFO-DBBOUT Management section simply main¬ 
tains the FIFO and toads DBBOUT whenever Change 
Words are present in the FIFO and DBBOUT is clear 
(OBF = 0). The section first tests if the FIFO Is full. (If we 
assume our “no-change” row is the first row scanned, 
the FIFO obviously would not be full.) If it is, the UPl 
waits until OBF = 0, at which point the next Change 
Word is retrieved from the FIFO and placed in DBBOUT. 
This “unfllls” the FIFO making room for more Change 
Words. At this point, the Column Counter, R3, is 
checked. For rows with no changes, the Column 
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INITIALIZATION 


SCAN AND 
COMPARE 


CHANGE WORD 
ENCODING 


FIFO-DBBOUT 

MANAGEMENT 



Figure 23. Sensor Matrix Controilor Flow Chart 


Counter is always zero so the test simply falls through. 
(We cover the case for changes shortly.) Now the FIFO 
is tested for being empty. If it is, there is no sense in any 
further tests so the flow simply goes back up to scan 
the next row. If the FIFO is not empty, DBBOUT is tested 
again through OBF. if a Change Word is in DBBOUT 
waiting for the master to read it, nothing can be done 
and the flow likewise branches up for the next row. 
However, if the DBBOUT is free and remembering that 
the previous test showed that the FIFO was not empty, 
DBBOUT is loaded with the next Change Word and the 
last two conditional tests repeat. 

Now let’s assume the next row contains several 
changed sensors. Like before, the row is selected, the 
return lines read, and the sensor status compared to the 
previous scan. Since changes have occurred, the Exclu* 
sIve-OR result is now non-zero. Any 1s in the result 
reflect the positions of the changed sensors. This non¬ 
zero result is stored in the Compare Result register, R7. 
At this point, the Column Counter is preset to 8. To 
determine the changed sensors’ locations, the Compare 
Result register is shifted bit-by-bit to the left while de¬ 
crementing the Column Counter. After each shift, bit 7 
of the result is tested. If it is a one, a changed sensor 
has been found. The Column Counter then reflected the 
sensor’s matrix column position while the Scan Row 
Select register holds it row position. These registers are 
then combined in R6, the Change Word Store, to form 
the sensor’s matrix coordinate section of the Change 
Word. The 8th bit of the Change Word Store is coded 
with the sensor’s present state (Figure 21). This byte 
forms the complete Change Word. It is loaded into the 
next available FIFO position, if bit 7 of the Compare 
Result had been a zero, that particular sensor had not 
changed and the coordinate decoding is not performed. 

in between each shift, test, and coordinate encode (if 
necessary), the FIFO-DBBOUT Management is per¬ 
formed. It is the Column Counter test within this section 
that routes the flow back up to the Change Word En¬ 
coding section if the entire Compare Result (row) has 
not been shifted and tested. 

The FIFO is implemented as a circular buffer with IN 
and OUT pointers (R4 and R5 respectively). The opera¬ 
tions of the FIFO is best understood using an example. 
Figure 24. This series of figures show how the FIFO, 
DBBOUT, and OBF interact as changes are detected and 
Change Words are read by the master. The letters cor¬ 
respond to sequential Change Words being loaded into 
the FIFO. Note that the figures show only a 4x 8 FIFO 
however, the principles are the same in the 40 x 8 FIFO. 

Figure 24A shows the condition where no Change 
Words have been loaded into the FIFO or DBBOUT. In 
Figure 24B a change, “A”, has been detected, decoded, 
and loaded into the FIFO at the location equal to the 
value of the FIFO-IN pointer. The FIFO-IN pointer is then 
incremented and the FIFO-OUT pointer is reset to the 
bottom of the FIFO since it had reached the FIFO top. 
Now that a Change Word is in the FIFO, OBF is checked 
to see if DBBOUT is empty. Because OBF = 0, DBBOUT 
is empty and the Change Word is loaded from the FIFO 
location pointed at by the FIFO-OUT pointer. This is 
shown in Figure 24C. Loading DBBOUT automatically 
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OBF. This allows the next Change Word to be loaded in¬ 
to DBBOUT. Note that each time the FIFO is loaded, the 
FIFO’IN pointer increments. Each time DBBOUT is read 
the FIFO-OUT pointer increments unless there are no 
more Change Words in the FIFO. Both pointers wrap¬ 
around to the bottom once they reach the FIFO top. The 
remaining figures show more Change Words being 
loaded into the FIFO. When the entire FIFO fills and 
DBBOUT can not be loaded (OBF=1), scanning stops 
until the master reads DBBOUT making room for more 
Change Words. 



CHANGE C DETECTED CHANGE F DETECTED. FIFO FULL. 

SCANNING STOPPED UNTIL B IS READ 


Figure 24A-J. FIFO Operation Example 


interrupt simply reflects OBF and is handled automatic¬ 
ally by the UPl since an EN FLAGS Instruction is exe¬ 
cuted during initialization. The FIFO NOT EMPTY inter¬ 
rupt is generated and cleared as appropriate, each pass 
through the FIFO management code. 

No debouncing is provided although it could be added. 
Rather, the scan time is left as an equate variable so that 
it could be varied to account for both debounce time and 
expected sensor change rates. The minimum scan time 
for this application is 2 msec when using a 6 MHz clock. 
Since the matrix controller is coded as a foreground 
task, scan time simply uses a software delay loop. 

The UPl software is included as Appendix B1. Appendix 
B2 is 8085A test software which builds a Change Word 
buffer starting at BUFSRT. This software simply polls 
the STATUS register looking for Change Word Ready to 
go true. DBBOUT is then read and loaded Into the buffer. 
Now let’s move on to an application which combines 
both the foreground and background concepts. 

Combination I/O Device 

The final UPl application was designed especially to add 
additional serial and parallel I/O ports to the iSBC 80/30. 
This UP! simulates a full-duplex UART (Universal Asyn¬ 
chronous Receiver/Transmitter) combined with an 8-bit 
parallel I/O port. Features of the UART include: software 
selectable baud rates (110, 300, 600, or 1200 baud), 
double buffering for both the transmitter and receiver, 
and receiver testing for false state bit, framing, and over¬ 
run errors. For parallel I/O, one 8-bit port Is program¬ 
mable for either Input or output. The output port is 
statically latched and the input port is sampled. 

Figure 25 shows the interface of this combination I/O 
device to the dedicated UP! socket on the iSBC 80/30. 
The only external requirement is a 76.8 kHz source 
which serves as the baud rate standard. The internal 
baud rates are generated as multiples of this external 
clock. This clock is obtained from one of the 8253 
counters. Otherwise, an RS-232 driver and receiver 
already available for UPl use in serial I/O applications. 
Sockets are also provided for termination of the parallel 
port. 
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There are three commands for this application. Their for¬ 
mat is shown in Figure 26. The CONFIGURE command 
specifies the serial baud rate and the parallel I/O direc¬ 
tion. Normally this command is issued once during sys¬ 
tem initialization. The I/O command causes a parallel I/O 
operation to be performed. If the parallel port direction 
is output, the UP! expects the data byte immediately 
following an I/O command to be data for the output port. 
If the port is in the input direction, an I/O command 
causes the port to be read and the data placed in 
DBBOUT. The RESET ERROR command resets the 
serial receiver error bits in the STATUS register. 

The STATUS register format is shown in Figure 27. 
Looking at each bit, bit 0 (OBF) is the DATA AVAILABLE 
flag. It is set whenever the UPl places data into 
DBBOUT. Since the data may come from either the 
receiver or the parallel input port, the FO and F1 flags 
(bits 2 and 3) code the source. Thus, when the master 
finds OBF set, It must decode FO and F1 to determine 
the source. 

Bit 1 (IBF) functions as a busy bit. When IBF is set, no 
writes to DBBIN are allowed. Bit 5 is the TxINT (Trans¬ 
mitter Interrupt) bit. It is asserted whenever the trans¬ 
mitter buffer register is empty. The master uses this bit 
to determine when the transmitter is ready to accept a 
data character. 


COMMAND FORMAT 


OOOABCDP A — 1200 BAUD SELECT 
B~ 600 BAUD SELECT 
C- 300 BAUD SELECT 
D- 110 BAUD SELECT 
P - PARALLEL I/O DIRECTION 
0-INPUT 
1-OUTPUT 

1 0 0 0 0 0 0 0 I/O COMMAND 

1 1 0 0 0 0 0 0 RESET ERROR COMMAND 


Bits 6 and 7 are receiver error flags. The framing error 
flag, bit 6, is set whenever a character is received with 
an invalid stop bit. Bit 7, overrun error, is set if a charac¬ 
ter is received before the master has read a previous 
character. If an overrun occurs, the previous character is 
overwritten and lost. Once an error occurs, the error flag 
remains set until reset by a RESET ERROR command. A 
set error flag does not inhibit receiver operation 
however. 

Figure 28 shows the port pin definition for this applica¬ 
tion. Port 1 is the parallel I/O port. The UART uses Port 2 
and the Test inputs. P20 is the transmitter data out pin. 
It is set for a mark and reset for a space. P23 is a trans¬ 
mitter interrupt output. This pin has the same timing as 
the TxINT bit In the STATUS register. It is normally used 
in Interrupt-driven systems to interrupt the master proc¬ 
essor when the transmitter is ready to accept a new data 
character. 

The OBF flag is brought out on P24 as a master interrupt 
when data is available in DBBOUT. P26 is a diagnostic 
pin which pulses at four times the selected baud rate. 
(More about this pin later.) The receiver data input uses 
the TO Input. One of the Port 2 pins could have been 
used, however, the software can test the TO in one in¬ 
struction without first reading a port. 

The T1 input is the baud rate external source. The UART 
divides this input to determine the timing needed for the 
selected baud rate. The input is a non-synchronous 76.8 
kHz source. 

Internally, when the CONFIGURE command Is received 
and the selected baud rate is determined, the internal 
timer/counter is loaded with a baud rate constant and 
started in the event counter mode. Timer/counter inter¬ 
rupts are then enabled. The baud rate constant is 
selected to provide a counter interrupt at four times the 
desired baud rate. At each interrupt, both the transmit¬ 
ter and receiver are handled. Between interrupts, any 
new commands and data are recognized and executed. 


Figure 26. Combination I/O Command Format 


PORT PIN DEFINITION 


STATUS FORMAT 



PORT BIT FUNCTION 

1 0-7 PARALLEL I/O 


2 0 Tx DATA 

1 NOT USED 

2 NOT USED 

3 Tx INTERRUPT 

4 OBF INTERRUPT 

5 NOT USED 

6 NOT USED (TICK SAMPLE) 

7 NOT USED 


TO FI OPERATION (IBF = 1) 


TO Rx DATA 


0 0 NO OPERATION T1 EXTERNAL CLOCK (76.8 kHz) 

0 1 PARALLEL I/O DATA 

1 0 SERIAL I/O DATA 

1 1 COMMAND ERROR 


Figure 27. STATUS Register Format 


Figure 26. Combination I/O Port Definition 
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As a prelude to discussing the flow charts, Figure 29 
shows the register definition. Register Bank 0 serves 
the UART receiver and parallel I/O while Register Bank 1 
handles the UART transmitter and commands. Looking 
at RBO first, R3 is the receiver status register, RxSTS. 
Reflected in the bits of this register is the current 
receiver status in sequential order. Figure 30 shows this 
bit definition. Bit 0 is the Rx flag. It is set whenever a 
possible start bit is received. Bit 1 signifies that the 
start bit is good and character construction should 
begin with the next received bit. Bit 1 is the Good Start 
flag. Bit 2 is the Byte Finished flag. When all data bits of 
a character are received, this flag is set. When all the 
bits, data and stop bits are received, the assembled 
character Is loaded Into the holding register (R4 in 
Figure 29) bit 3, the Data Ready flag, Is set. The fore¬ 
ground routine which looks for commands and data con¬ 
tinuously, looks at this bit to determine when the 
receiver has received a character. Bits 4 and 5 signify 
any error conditions for a particular character. 

The parallel I/O port software uses bits 6 and 7. Bit 6 
codes the I/O direction specified by the last CON¬ 
FIGURE command. Bit 7 is set whenever an I/O com¬ 
mand is received. The foreground routine tests this bit 
to determine when an I/O operation has been requested 
by the master. 

As was mentioned, R4 is the receiver holding register. 
Assembled characters are held in this register until the 
foreground routine finds DBBOUT free, at which time 
the data is transferred from R4 to DBBOUT. R5 is the 
receiver tick counter. Recall that counter Interrupts oc¬ 
cur at four times the baud rate. Therefore, once a start 
bit is found, the receiver only needs to look at the data 
every four interrupts or tick counts. R5 holds the current 
tick count. 


63 

USER RAM 


32 

(NOT USED) 


31 

AC TEMP. STORE 

R7 

30 

COMMAND STORE 

R6 

29 

Tx STATUS—TxSTS 

R5 

28 

Tx BUFFER 

R4 REGISTER 

27 

Tx SERIALIZER 

R3 bank 1 

26 

Tx TICK COUNTER 

R2 

25 

BAUD RATE CONSTANT 

R1 

24 

NOT USED 

RO 

23 

STACK 


8 

(ONE LEVEL USED) 


7 

STATUS STORE 

R7 

6 

Rx DESERIALIZER 

R6 

5 

Rx TICK COUNTER 

R5 

4 

Rx HOLDING 

R4 REGISTER 

3 

Rx STATUS—RxSTS 

BANK 0 

2 

NOT USED 

R2 

1 

NOT USED 

R1 

0 

NOT USED 

RO 


Figure 29. Combination I/O Register Map 


RxSTS FORMAT 

I n 8 I 5 I < I 3 I ; I 1 I 0 I 

Rx FLAG - POSSIBLE START BIT 
START FLAG - GOOD START BIT 
BYTE FINISHED FLAG 
-DATA READY FLAG 
FRAMING ERROR 
OVERRUN ERROR 
I/O DIRECTION 
■I/O FLAG 


Figure 30. RxSTS Register 


R6 is the receiver de-serializing register. Data char¬ 
acters are assembled in this register. R6 is preset to 80H 
when a good start bit is received. As each bit is sampled 
every four timer ticks, they are rotated into the leftmost 
bit of R6. The software knows the character assembly is 
complete when the original preset bit rotates into the 
carry. 

An image of the upper 4 bits of the STATUS register is 
stored In R7. These bits are the TxINT, Framing and 
Overrun bits. This image is needed since the UPl may 
load the upper 4 STATUS register bits from its accumu¬ 
lator; however, it cannot read STATUS directly. 

in Register Bank 1 (Figure 29), R1 holds the baud rate 
constant which Is found from decoding the baud rate 
select bits of the CONFIGURE command. The counter is 
reloaded with this constant every timer tick. Like the 
receiver, the transmitter only needs to update the trans¬ 
mitter output every four ticks. R2 holds the transmitter 
tick count. The value of R2 determines which portion of 
the data is being transmitted; start bit, data bits, or stop 
bit. The transmit serializer is R3. R3 holds the data char¬ 
acter as each character bit is transmitted. 

R4 is the transmitter holding register. It provides the 
double buffering for the transmitter. While transmitting 
one character, it is possible to load the next character 
into R4 via DBBIN. The TxINT bit in STATUS and pin on 
Port 2 reflect the “fullness” of R4. If the holding register 
is empty, the interrupt bit and pin are set. They are reset 
when the master writes a new data byte for the trans¬ 
mitter into DBBIN. The transmitter Status register (Tx- 
STS) is R5. Like RxSTS, TxSTS contains flag bits which 
indicate the current state of the transmitter. This flag bit 
format is shown in Figure 31. 

TxSTS bit 0 is the Tx flag. It Is set whenever the trans¬ 
mitter is transmitting a character. It Is set from the 
beginning of the start bit until the end of the stop bit. Bit 
1 is the Tx Request flag. This bit Is set by the foreground 
routine when it transfers a new character from DBBIN to 
the Tx Holding register, R4. The transmitter software 
uses this flag to tell if new data is available. It is reset 
when the transmitter transfers the character from the 
holding register to the serializer. 

Bit 2 is the Pipelined Tx Data Bit. The transmitter uses a 
pipelining technique which sets up the next output level 
in bit 2 after processing the current timer tick. The out¬ 
put level is always changed at the same point after a 
timer tick interrupt. This technique ensures that no bit 
timing distortion results from different length process¬ 
ing paths through the receiver and transmitter routines. 
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TxSTS FORMAT 


T—Tx FLAG - TRANSMITTING 
—REQUEST FLAG 
—PIPELINED DATA BIT 
—START BIT FLAG 
—NOT USED 


Figure 31. TxSTS Register 


Bit 3 of TxSTS is the Start Bit fiag. It is set by the 
transmitter when the start bit space Is set up in the Pipe¬ 
lined Data Bit. This allows the transmitter to differen¬ 
tiate between the start bit and data bits on following 
timer ticks. 


The flow charts for this application are shown in Figures 
32A-F. At reset, the INIT routine is executed which in¬ 
itializes the registers and port pins. After initialization, 
IBF and OBF are tested in MNLOOP. These flags are 
tested continually in this loop. If IBF is set, F1 Is tested 
for command or data and execution Is transferred to the 
appropriate routine (CMD or DATA). If IBF = 0, OBF is 
checked. If OBF = 0 (DBBOUT is free), the Rx Data Ready 
and I/O flags in RxSTS are tested. If Rx Data Ready is 
set, the received data is retrieved from the Rx Holding 
register and transferred to DBBOUT. Any error flags 
associated with that data are also transferred to 
STATUS. If the I/O flag is set and the I/O direction is in¬ 
put, Port 1 is read and the data transferred to DBBOUT. 
In either case, FO and F1 are set to indicate the data 
source. 

If IBF is set by a command write to DBBIN, CMD reads 
the command and decodes the desired operation, if an 



Figure 32A. INIT Flow Chart 
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I/O operation is specified, the I/O flag is set to indicate 
to the MNLOOP and DATA routines that an I/O operation 
is to be performed, if the command is a CONFIGURE 
command, the constant for the selected baud rate is 
loaded into both Baud Rate Constant register and the 
timer/counter. The timer/counter is started In the event 
counter mode and timer/counter interrupts are enabled. 
In addition, the I/O port is initialized to all 1’s if the I/O 
direction bit specifies an input port. If the command is a 
RESET ERROR command, the two error flags in STATUS 
are cleared. 

If the IBF flag is set by a data write, the DATA routine 
reads DBBIN and places the data in the appropriate 
place. If the I/O flag is set, the data is for the output port 
so the port is loaded. If the I/O flag is reset, the data is 
for the UART transmitter. Data for the transmitter resets 
the TxINT bit and pin plus sets the Tx Request flag in 
TxSTS. The data is transferred to the Tx Holding 
register, R4. 

Once a CONFIGURE command is received and the 
counter started, timer/counter interrupts start occurring 
at four times the selected baud rate. These interrupts 
cause a vector to the TIMINT routine, Figure 32D. A 76.8 
kHz counter input provides a 13.02 ^s counter resolu¬ 
tion. Since it requires several UPl instruction cycles to 
reload the counter, the counter Is set to two counts less 
than the desired baud rate and the counter is reloaded in 
TIMINT synchronous with the second low-going transi¬ 
tion after the interrupt. Once the counter is reloaded, an 
output port (P26) is toggled to give an external indica¬ 
tion of internal counter interval. This is a helpful diag¬ 


nostic feature. After the tick sample output, the pipe¬ 
lined transmitter data in TxSTS is output to the TxD pin. 
Although this occurs every timer tick, the pipelined data 
is changed only every fourth tick. 



Figure 32C. Data Flow Chart 
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Figure 320. TIMINT Flow Chart 


The receiver is now handied, Figure 32E. The RX flag in 
RxSTS is examined to see if the receiver Is currently in 
the process of receiving a character. If it is not, the RxD 
input is tested for a space condition which might in¬ 
dicate a possible start bit. If the input is a mark, no start 
bit is possible and execution branches to the transmit¬ 
ter flow, XMIT. If the input is a space, the Rx flag is set 
before proceeding with XMIT. 

If the Rx flag is found set when entering RCV, the 
receiver is in the process of receiving a character. If so, 
the Start Bit flag is then tested to determine if a good 
start bit so the Start Bit flag is set, the Rx Tick Counter 
Is initialized to four, and the Rx De-serializer initialized 
to 80H. A mark indicates a bad start bit so the Rx flag is 
reset to abort the reception. 

start bit so the Start Bit flag is set, the Rx tick counter is 
initialized to four, and the Rx deserializer initialized to 
80H. A mark indicates a bad start bit so the Rx flag is 
reset to abort the reception. 

if the Start Bit flag is set, the program is somewhere in 
the middle of the received character. Since the data 
should be sampled every fourth timer tick, the Tick 
Counter is decremented and tested for zero. If non-zero 
no sample is needed and execution continues with 
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XMIT. If zero, the tick counter is reset to four. Now the 
Byte Finished flag is tested to determine if the data 
sample is a data or stop bit. if reset, the sampie is a data 
bit. The sampie is done and the new bit rotated into the 
Rx deserializer. If this rotate sets the carry, that data bit 
was the last so the Byte Finished fiag is set. If the carry 
is reset, the data bit is not the iast so execution simpiy 
continues with XMIT. 

Had the Byte Finished fiag been set, this sampie is for 
the stop bit. The RxD input is tested and if a space, the 
Framing Error fiag is set. Otherwise, it is reset. Next, the 
Rx Data Ready fiag is tested, if it is set, the master has 
not read the previous character so the Overrun Error fiag 
is set. Then the Rx Data Ready fiag is set and the re¬ 
ceived data character is transferred into the Rx Hoiding 
register. The Rx, Start Bit, and Byte Finished fiags are 
reset to get ready for the next character. 


Execution of the transmitter routine, XMiT, foliows the 
receiver, Figure 32F. The transmitter starts by checking 
the Start Bit fiag in TxSTS. Recall that the actual trans¬ 
mit data is output at the beginning of the timer routine. 
The Start Bit flag indicates whether the current timer 
tick interrupt started the start bit. If it is set, the pipe¬ 
lined data output earlier in the routine was the start of 
the start bit so the flag is reset and the Tx tick counter is 
initialized. Nothing else is done this timer tick so the 
routine returns to the foreground. 

If the Start Bit flag is reset, the Tx tick counter is incre¬ 
mented and tested. The test is performed module 4. If 
the counter mod 4 is not zero, it has not been four ticks 
since the transmitter was handled last so the routine 
simply returns. If the counter mod 4 is zero, it is time to 
handle the transmitter and the Tx flag is tested. 



Figure 32F. XMIT Flow Chart 
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The Tx flag indicates whether the transmitter is active. If 
the transmitter is inactive, no character is currently 
being transmitted so the Tx Request flag is tested to 
see if a new character is waiting in the Tx buffer. If no 
character is waiting (Tx Request Flag = 0), the Tx inter¬ 
rupt pin and bit are set before returning to the fore¬ 
ground. If there is a character waiting, it is retrieved 
from the buffer and placed in the Tx serializer. The Tx 
Request flag is reset while the Tx and Start Bit flags are 
set. A space is placed in the Tx Pipelined Data bit so a 
start bit will be output on the next tick. Since the Tx buf¬ 
fer is now empty, the Tx interrupt bit and pin are set to 
indicate the availability of the buffer to the master. The 
routine then returns to the foreground. 

If the tick counter mod 4 is zero and the Tx flag indicates 
the transmitter is in the middle of a character, the tick 
counter Is checked to see what transmitter operation is 
needed. If the counter is 28H (40D), all data bits plus the 
stop bits are complete. The character is therefore done 
and the Tx flag is reset. If the counter is 24H (36D), the 
data bits are complete and the next output should be a 
mark for the stop bit so a mark Is loaded into the Tx 
Pipelined Data bit. 

If neither of the above conditions are met for the 
counter, the transmitter is some place in the data field, 
so the next data bit is rotated out of theTx serializer into 
the Pipelined Data bit. The next tick outputs this bit. 

At this point the program execution is returned to the 
foreground. 

That completes the discussion of the combination I/O 
device flow charts. The UPl software listing is shown in 
Appendix C1. Appendix C2 Is example 8085A driver soft¬ 
ware. 

Several observations concerning the drivers are appro¬ 
priate. Notice that since the receiver and input port of 
the UPl use the OBF flag and interrupt output, the inter¬ 
rupt and flag are cleared when the master reads 
DBBOUT. This is not true for the transmitter. There is 
always some time after a master write of new transmit¬ 
ter data before the transmitter interrupt bit and pin are 
cleared. Thus in an interrupt-driven system, edge- 
sensitive interrupts should be used. For polled-systems, 
the software must wait after writing new data for IBF = 0 
before re-examining the Tx Interrupt flag in STATUS. 

Notice that this application uses none of the user Data 
Memory above Register Bank 1 and only 361 bytes of 
Program Memory. This leaves the door open for many 
improvements. Improvements that come to mind are In¬ 
creased buffering of the transmit or received data, 
modem control pins, and parallel port handshaking in¬ 
puts. 

This completes our discussion of specific UPl applica¬ 
tions. Before concluding, let’s look briefly at two debug 
techniques used during the development of these ap¬ 
plications that you might find useful in your own 
designs. 

DEBUG TECHNIQUES 

Since the UPl is essentially a single-chip microcom¬ 
puter, the classical data, address, and control buses are 


not available to the outside world during normal opera¬ 
tion. This fact normally makes debugging a UPl design 
difficult; however, certain “tricks” can be included in 
the UP! software to ease this task. 

If a UPl Is handling multiple tasks, it is usually easier to 
code and debug each task individually. This is fairly 
standard procedure. Since each task usually utilizes 
only a subset of the total number of I/O pins, coding only 
one task leaves some I/O pins free. Port output instruc¬ 
tions can then be added in the task code being 
debugged which toggle these unused pins to determine 
which section of task code is being executed at any par¬ 
ticular time. The task can also be made to “wait” at var¬ 
ious points by using an extra pin as an input and adding 
code to loop until a particular input condition is met. 

One example of using an extra pin as an output is 
included in the combination serial/paraliel device code. 
During initial development the receiver was not receiv¬ 
ing characters correctly. Since this could be caused by 
incorrect sampling, three lines of code were added to 
toggle bit 6 of Port 2 at each tick of the sample clock. 
This code is at lines 184 and 185 of the listing. Thus by 
looking at the location of the tick sample pulse with 
respect to the received bit, the UPl sampling interval can 
be observed. The tick sample time was incorrect and the 
code was modified accordingly. Similar techniques 
could be applied at other locations in the program. 

The EPROM version of the UPl (8741 A) also contains 
another feature to aid in debug: the capability to single 
step thru a program. The user may step thru the program 
Instruction-by-lnstructlon. The address of the next in¬ 
struction to be fetched is available on Port 1 and the 
lower 2 bits of Port 2. Figure 33 shows the timing used 
ir^the discussion below. When the Single Step input, 
SS, is brought low, the internal processor responds by 
stopping during the fetch portion of the next instruc¬ 
tion. This action is acknowledged by the processor rais¬ 
ing the SYNC output. The address of the instruction to 
be fetched is then placed on the port pins. This state 
nrmy be held indefinitely. To step to the next instruction, 
SS Is raised high, whi(^causes SYNC to go low, which 
is then used to return SS low. This allows the processor 
to advance to the next instruction. If SS is left high, the 
processor continues to execute at normal speed until 
SS goes low. 



Figure 33. Single Step Timing 
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the UPl executes normally. When switched to STOP, the 
preset is removed and the next low-going transition of 
SYNC causes the 7474 to clear, lowering SS. While 
SYNC is low, the port data is valid and the current 
instruction is executing. Low SYNC is also used to ena¬ 
ble the tri-state buffers when the ports are used as 
Inputs. When execution is complete, SYNC goes high. 
This transition latches the valid port data in the 
74LS374S. SYNC going high also signifies that the 
address of the next instruction will appear on the port 
pins. This state can be held indefinitely with the address 
data displayed on the LEDs. 

When the S2 is depressed, the 7474 is set which causes 
SS to go high. This allows the processor to fetch and 
execute the instruction whose address was displayed. 
SYNC going low during execution, clears the 7474 low¬ 
ering SS. Thus the processor again stops when exe¬ 
cution is complete and the next fetch is started. 

All UPl functions continue to operate while single step¬ 
ping (the processor is actuallly executing NOPs inter¬ 
nally while stopped). Both IBP and timer/counter inter¬ 
rupts can be serviced. The only change is that the inter¬ 
val timer is prescaled on single stepped instructions 
and, of course, will not indicate the correct intervals in 
real time. The total number of instructions which would 
have been executed during a given interval is the same 
however. 


- - — _ . ^. p m t UOIOI- 

mine when to run and stop. If you would like to step thru 
a particular section of code, an extra port pin could 
replace switch S1. Extra instructions would then be 
added to lower the port when entering the code section 
and raise the port when exiting the section. The program 
would then stop when that section of code is reached 
allowing it to be stepped through. At the end of the sec¬ 
tion, the program would execute at normal speed. 

CONCLUSION 

Well, that’s it. Machine readable (floppy disk or paper 
tape) source listings of UPl software for these applica¬ 
tions are available in Insite, the Intel library of user- 
donated programs. Also available in Insite are the 
source listings for some of Intel’s pre-programmed UPl 
products. These products are: 

• 8278 Keyboard Display Controller 

• 8295 Dot Matrix Printer Controller. 

Other pre-programmed UPls are the 8294 Data Encryp¬ 
tion Unit and the 8292 GPIB (iEEE-488) Controller. 

For information about Insite, write to: 

Insite 
Intel Corp. 

3065 Bowers Ave. 

Santa Clara, Ca 95051 



LATCHED 

PORT 

DATA 


Figure 34. Single Step External Circuitry 
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APPENDIX A1 


ISIS-II HCS-48/UPM1 MflCRO ftSSDCLER. V2.0 


LOC OBJ SEQ 


SOURCE STflTEHENT 


1 ; 

2 ; ♦ UPMl 8-OIGIT LED DISPLflV CONTROLLER * 

4 j 

5 

6 ; 

7 jTHIS PROGRflH USES THE UPMl fiS fl LED DISPLRV CONTROLLER 

8 ;HHICH SCflNS fW REFRESHES EIGHl SEVEN-SEGHENT LED DISPLflVS. 

9 ;THE CHRRflCTERS ARE DEFINED BV INPUT FROM fl HflSTER CPU IN THE 

10 ; FORM OF ONE EIGHT BIT HORD PER DIGIT-CHflRflCTER SELECTION. 

11 ; 

12 ; 

13 ; 

14 j 

15 i 

16 i REGISTER DEFINITIONS: 

17 ; REGISTER RBI R60 

18 ; 

19 ; RO 

20 > R1 

21 ; R2 

22 j R3 

23 ; R4 

24 ; R5 

25 ; R6 

26 ; R7 

27 i tt t ttt t tti 

28 ; 

29 iPORT PIN DEFINITIONS 

30 ; PIN 

31 ; — 

32 ; P0-7 

33 ^ 

34 lEJECT 


PORT 1 FUNCTION 


PORT 2 FUNCTION 


SEGICNT DRIVER CONTROL DIGIT DRIVER CONTROL 


DISPLflV HflP POINTER 

NOT USED 

NOT USED 

NOT USED 

DATA HORD AND CHARACTER STORAGE NOT USED 

DIGIT COUNTER 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

ACCUMULATOR STORAGE 

NOT USED 


All mnemonics copyrighted ® Intel Corporation 1976. 
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APPENDIX A1 (Continued) 


LOC OBJ SEQ SOURCE STflTEHENT 


35 








36 

DISPLflV MTR UORD BIT DEFINITION: 


37 

BIT 



FUNCTION 


38 

— 



— 


• 


39 

8-4 



CHRRRCTER SELECT 

48 

5-7 



DIGIT SELECT 


41 








42 

CHflRflCTER SELECT: 






43 


04 

D3 

D2 

D1 

D0 

CHRRflCTER 

44 


8 

8 

0 

8 

8 

8 

45 


8 

8 

8 

8 

1 

1 

46 


0 

8 

0 

1 

0 

2 

47 


8 

8 

8 

1 

1 

3 

48 


8 

8 

1 

8 

8 

4 

49 


0 

8 

1 

8 

1 

5 

50 


8 

8 

1 

1 

8 

6 

51 


8 

0 

1 

1 

1 

7 

52 


8 

1 

8 

8 

8 

8 

53 


8 

1 

8 

8 

1 

9 

54 


8 

1 

8 

1 

8 

R 

55 


8 

1 

8 

1 

1 

6 

56 


8 

1 

1 

0 

8 

C 

57 


8 

1 

1 

8 

1 

D 

58 


8 

1 

1 

1 

8 

E 

59 


8 

1 

1 

1 

1 

F 

68 


1 

0 

8 

0 

8 


61 


1 

8 

8 

8 

1 

G 

62 


1 

8 

8 

1 

8 

H 

63 


1 

8 

0 

1 

1 

I 

64 


1 

8 

1 

8 

8 

J 

65 


1 

0 

1 

0 

1 

L 

66 


1 

8 

1 

1 

8 

N 

67 


1 

8 

1 

1 

1 

0 

68 


1 

1 

8 

0 

8 

P 

69 


1 

1 

8 

0 

1 

R 

70 


1 

1 

8 

1 

8 

T 

71 


1 

1 

8 

1 

1 

U 

72 


1 

1 

1 

0 

8 

V 

73 


1 

1 

1 

8 

1 

- 

74 


1 

1 

1 

1 

8 

/ 

75 


1 

1 

1 

1 

1 

-BLRMC 

76 








77 








78 

DIGIT SELECT: 







79 


D7 

D6 

D5 

DIGIT NUMBER 

88 


0 

0 

8 


1 


81 


0 

8 

1 


2 


82 


8 

1 

8 


3 


83 


0 

1 

1 


4 


84 


1 

8 

0 


5 


85 


1 

8 

1 


6 


86 


1 

1 

8 


7 


87 


1 

1 

1 


8 


88 



89 lEJECT 


All mnemonics copyrighted © Intel Corporation 1976. 
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APPENDIX A1 (Continued) 


LX OBJ 


FFfl 


/MMVa 

OMfl flilQq 
uww vnny 

0002 00 

0003 0430 

0005 00 

CUOC QQ 
vuw> cro 

0007 041F 


0009 D5 

mKtl wtw 

00X X38 
000E 23FF 
0010 R0 
0011 18 
0012 F8 
0013 B20E 
0015 B800 
0017 23F1 
0019 62 
0010 55 
001B 25 
001C 05 


001D 041D 


All mnemonics copyrighted 


SEQ SOURCE STRTEHEKT 

91 ; EQURTES 

92 iTHE FOLLOHING CODE OESlONflTES •TIHE' fB fl VflRIflBLE. THIS 

93 iflOJUSTS THE HHOUNT OF CVCLES Tl€ TIBER COUNTS BEFORE 

94 TIHER INTERRUPT OCCURS AND REFRESttS THE DISPLflV. flPPROXIHRTELV 

95 iSe TINES PER SECOND. 

96 TINE EQU -0FH ; TIBER VflLUE a 5I1SEC 

97 , .. .1111 

98 i INTERRUPT BRANCHING 

99 ;THIS PORTION OF NENORV IS DEDICATED FOR USE OF RESET AM) 

100 i INTERRUPT BRANCHING HHEN THE INTERRUPTS ARE ENABLED THE 

101 iCUDE AT THE FOLLOHING DESIGNATED SPOTS ARE EXECUTED WEN A 

102 ;RESET OR A INTERRUPT OCCURS. 


183 

ORG 

0 


104 

JMP 

START 

RESET 

105 

NOP 



106 

JMP 

INPUT 

IBF INTERRUPT 

107 

NOP 



108 

NOP 



109 

JMP 

DISPLA 

TIMER INTERRUPT 


U1 i INITIALIZATION 

112 >TIC FOLLOHING CODE SETS UP THE UPI-41 AND DISPLAY HARDHARE 

113 iINTO OPERATIONAL FORBAT. THE DISPLAY IS TURNED OFF, THE DISPLAY 

114 ;HHP IS FILLED HITH 'BtAMC CHARACTERS, THE TIBER SET AND THE 

115 jINTERRUPTS ARE ENABLED. 

U6 ; 


117 

START: 

sa 

RBI 


118 


ORL 

P2Fi08H 

TURN DIGIT DRIVERS OFF 

119 


MOV 

R8pi38H 

DISPLAY HAP POINTER, BOTTOB OF DISPLAY BAP 

120 

BLKMAP: 

MOV 

AilBFFH 

FF=-BLANK- 

121 


MOV 

0R0fA 

BLAIK TO DISPLAV MAP 

122 


irc 

R0 

INCREMENT DISPLAV MAP POINTER 

123 


MOV 

07 R0 

DISPLAY HAP POINTER TO ACCUNULATOR 

124 


JB5 

BLKMRP 

BLANK DISPLAY NAP TIU FILLED 

125 


MOV 

R37i0eN 

SET DIGIT COUNTER TO 8 

126 


MOV 

AfITIME 

TIMER VALUE 

127 


MOV 

LA 

LOAD TIMER 

128 


sm 

T 

START TIMER 

129 


EN 

TCNTI 

ENABLE TIMER INTERRUPT 

130 


EN 

I 

ENABLE IBF INTERRUPT 

XjX 

132 

f 


USER PROGRAM 

133 

,A USERS PROGRAH HOULD INITIALIZE AT THIS POINT. THE FOLLOHING 

134 

iCODE IS USED TO TAKE THE PLACE OF A POSSIBLE USER PROGRAH 

135 

f 




136 

i 




137 

138 

LOOP: 

JMP 

******* 

LOOP 

HAIT FOR INTERRUPT 


139 lEJECT 


© Intel Corporation 1976. 
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APPENDIX A1 (Continued) 


LOC OBJ SEQ SOURCE STRTDCNT 


140 ; 

141 i DISPLRV ROUTINE 

142 ; TNIS PORTION OF 1HIS PROGRAM IS AN INTERRUPT ROUTINE UHICH IS 

143 ;ACTED UPON WEN THE TirCR COUNT IS CONPLETED. THE ROiniNE UPDATES 

144 ;ONE DISPLRS' DIGIT FROH THE DISPLAV NAP PER INTERRUPT SEQUENTIAaV. 

145 ;THUS EIGHT TIMER INTERRUPTS HILL HAVE REFRESHED THE ENTIRE DISPLAV. 

146 jREGISTER BANK 1 IS SELECTED AND THE ACCUMULATOR IS SAVED UPON 

147 iENTERING THE ROUTINE ONCE THE DISPLAV HAS BEEN REFRESHED THE TIMER 

148 ; IS RESET AND THE ACCUMULATOR AND PRE-INTERRUPT REGISTER BANK IS RESTORED. 

149 i 


801F D5 

150 

DISPLA: SEL 

RBI 

REGISTER BANK 1 

0620 AF 

151 

MOV 

R7,A 

SAVE ACCUMULATOR 

0821 8A08 

152 

ORL 

P2.408H 

TURN DIGIT DRIVERS OFF 

0023 FB 

153 

MOV 

fLR3 

DIGIT COUNTER TO ACCUMULATOR 

0024 4338 

154 

ORL 

A.i38H 

"OR* TO GET DISPLAV MAP ADDRESS 

0026 A8 

155 

MOV 

R8.A 

DISPLAV MAP POINTER 

0027 F0 

156 

MOV 

A.0R0 

GET CHARACTER FROH DISPLAV HAP 

0028 39 

157 

OUTL 

PliA 

OUTPUT CHARACTER TO SEGMENT DRIVERS 

0029 FB 

158 

MOV 

A.R3 

DIGIT COUNTER VALUE TO ACCUMULATOR 

002A 3A 

159 

OUTL 

P2.A 

OUTPUT TO DIGIT DRIVERS 

002B IB 

160 

INC 

R3 

INCREMENT DIGIT COUNTER 

002C D307 

161 

XRL 

fli07H 

CHECK IF AT LAST DIGIT 

002E 9632 

162 

JNZ 

SETIME 

RESET TIMER IN NOT LAST DIGIT 

0030 6B80 

163 

MOV 

R3.i06H 

RESET DIGIT COUNTER 

0032 23F1 

164 

SETIME: MOV 

A^iTIME 

TIMER VALUE 

0034 62 

165 

MOV 

LA 

LOAD TIMER 

0035 55 

166 

STRT 

T 

START TIMER 

0036 FF 

167 

MOV 

A,R7 

RESTORE ACCUMULATOR 

0037 93 

168 

RETR 


RETURN 


169 

170 lEJECT 
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APPENDIX A1 (Continued) 


LOC oej SEQ SOURCE STHTEnEHT 




171 ; 






If t / wwWW 






173 ; 


INPUT CHARACTER AND DIGIT ROUTINE 



174 ; THIS PORTION OF THE PROGRRH IS RN INTERRUPT ROUTINE WHICH 

175 ; IS ACTED UPON WHEN THE IBF BIT IS SET. THE ROUTINE GETS THE 

176 jOISPLRV DRTR WORD FRON THE DB8 AND DEFINES BOIH THE DIGIT AND 

177 ;THE CHARACTER TO BE DISPLAVED THIS IS DONE BV HERNS OF A 

178 ; CHARACTER LOOPHJP TABLE AND A DISPLAY HAP FOR DIGIT AND CHARACTER 

179 {LOCATION. SPECIAL CONSIDERATION IS TAKEN FOR A DECIHAL POINT WHICH IS 

180 jSIHPLV ADDED TO THE EXISTING CHARACTER IN THE DISPLAY HAP. REGISTER 

181 {BANK 1 IS SELECTED AND THE ACCUHULATOR IS SAVED UPON ENTERING 



182 {THE ROUTINE 

ONCE TTC DflTR UORO HRS BEEN FULLV DEFINED TtC RCCU1ULRT0R 



183 {AND THE PRE-INTERRUPT REGISTER BANK IS RESTORED. 



184 { 




0038 

05 

185 INPUT. 

sa 

RBI 

REGISTER BANK 1 

0039 

flF 

186 

HOY 

R7{A 

SAVE ACCUHULATOR 

003R 

22 

187 

IN 

A{D6B 

GET DATA 

0038 

fV) 

188 

HOY 

R2{A 

SAVE DATA WORD 

003C 

47 

189 

njnp 

A 

DEFINE DIGIT LOCATION 

003D 

77 

190 

RR 

A 


003E 

5307 

191 

AN. 

A{i07H 


UVMJ 

4338 

192 

ORL 

A{«38H 


0042 

R8 

193 

HOY 

R0{A 

DIGIT LOCATION IN DIGIT POINTER 

0043 

Ffl 

194 

HOY 

A{R2 

SAVED DATA WORD TO ACCUHULATOR 

QtUA 

C/l 

195 

ANL 

A{ilFH 

DEFINE CHARACTER LOOK-UP-TABLE Ltt. 

WIU 

E3 

196 

H0VP3 

A{0A 

GET CHARACTER 

0047 

RR 

197 

HOY 

R2{A 

SAVE CHARACTER 

0048 

D37F 

198 

XRL 

A{i7FH 

IS CHARACTER DECIHAL POINT 

WTII1 

C650 

199 

JZ 

DPOINT 


Mdr 

wrtv 

FR 

200 

HOY 

A{R2 

SAVED CHARACTER TO ACCUHULATOR 

0040 

R0 

201 

HOY 

0R0{A 

CHARACTER TO DISPLAY HAP 

004E 

0453 

202 

JHP 

RETURN 


0050 

FR 

203 DPOINT: 

HOY 

A{R2 

SAVED CHARACTER TO ACCUHULATOR 

0051 

50 

204 

ANL 

A{0R0 

-AND- WITH OLD CHARACTER 

0052 

R0 

205 

HOY 

0R0{A 

BACK TO DISPLAY HAP 

0053 

FF 

206 RETURN; 

HOY 

A{R7 

RESTORE ACCUHULATOR 

0054 

93 

207 

RETR 




208 )**»**> 
289 {EJECT 
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APPENDIX A1 (Continued) 


La OBJ 


SEQ 


SOURCE STflTEHENT 


210 

211 

212 

213 




LOOK-UP TRBLE 

THIS LOOK-UP TABLE ORIGINATES IN PAGE 3 OF THE UPI-41 PROGRAH 
;l1EriORV. IT IS USED TO DEFINE THE CORRECT LEVa OF EACH SEGMENT 
214 ;AND DECIMAL POINT FOR A SELECTED CHARACTER FROM THE INPUT ROUTINE, 
as ; INVERSE LOGIC IS USED BECAUSE OF THE SPECIFIC DRIVER CIRCUITRV, THUS 
as ;R 1 ON A GIVEN SEGMENT MEANS IT IS OFF AND A 8 fCANS IT IS ON. 

a? 
as 


8300 


219 


ORG 

300H 

DP 

G 

F 

E 

D 

C 

B 

A 

8380 

C8 

228 

CH0 

DB 

0C8H 

1 

1 

8 

8 

0 

8 

8 

8 

8381 

F9 

2 a 

cm 

DB 

0F9H 

1 

1 

1 

1 

1 

8 

8 

1 

8382 

A4 

222 

CH2 

DB 

WTtn 

1 

0 

1 

8 

0 

1 

8 

8 

8303 

68 

223 

CH3 

DB 

uwn 

1 

0 

1 

1 

0 

8 

8 

8 

8304 

99 

224 

CH4 

DB 

99H 

1 

0 

8 

1 

1 

8 

8 

1 

8385 

92 

225 

CHS 

DB 

92H 

1 

8 

8 

1 

8 

8 

1 

8 

0306 

82 

226 

CH6 

DB 

82H 

1 

8 

8 

8 

8 

0 

1 

8 

0307 

F8 

227 

CH7 

DB 

8F8H 

1 

1 

1 

1 

1 

8 

8 

8 

0388 

80 

228 

CH8 

DB 

80H 

1 

8 

0 

8 

8 

8 

8 

8 

8309 

98 

229 

CH9 

DB 

98H 

1 

0 

0 

1 

1 

8 

8 

8 

838A 

88 

230 

CHA 

DB 

88H 

1 

8 

8 

8 

1 

8 

0 

8 

838B 

83 

231 

CHB 

DB 

83H 

1 

8 

8 

8 

8 

8 

1 

1 

83a 

C6 

232 

CHC 

DB 

0C6H 

1 

1 

0 

8 

8 

1 

1 

8 

830D 

Al 

233 

CHD 

DB 

0A1H 

1 

8 

1 

8 

8 

8 

8 

1 

830E 

86 

234 

CHE 

DB 

86H 

1 

8 

8 

8 

8 

1 

1 

8 

038F 

8E 

235 

CHF 

DB 

8EH 

1 

8 

0 

8 

1 

1 

1 

0 

8318 

7F 

236 

CHDP; DB 

7FH 

0 

1 

1 

1 

1 

1 

1 

1 

8311 

C2 

237 

CHG 

DB 

0C2H 

1 

1 

0 

8 

8 

8 

1 

8 

8312 

89 

238 

CHH 

DB 

89H 

1 

8 

0 

8 

1 

8 

8 

1 

8313 

FB 

239 

CHI 

DB 

0F6H 

1 

1 

1 

1 

1 

8 

1 

1 

8314 

El 

240 

CHJ 

DB 

8E1H 

1 

1 

1 

0 

8 

8 

8 

1 

8315 

C7 

241 

CHL 

DB 

aTH 

1 

1 

0 

0 

8 

1 

1 

1 

8316 

AB 

242 

CHN 

DB 

0ABH 

1 

8 

1 

8 

1 

8 

1 

1 

0317 

A3 

243 

CHO 

DB 

0A3H 

1 

8 

1 

8 

0 

8 

1 

1 

8318 

a 

244 

CHP 

DB 

8CH 

1 

0 

0 

8 

1 

1 

8 

0 

0319 

AF 

245 

CHR 

DB 

8AFH 

1 

8 

1 

0 

1 

1 

1 

1 

831A 

87 

246 

CHT 

DB 

87H 

1 

0 

0 

8 

8 

1 

1 

1 

83ie 

Cl 

247 

CHU 

DB 

aiH 

1 

1 

8 

8 

8 

8 

0 

1 

031C 

91 

248 

CHV 

DB 

91H 

1 

8 

8 

1 

8 

8 

8 

1 

831D 

BF 

249 

CHDASH: DB 

0BFH 

1 

8 

1 

1 

1 

1 

1 

1 

831E 

FD 

250 

CHAPOS: DB 

8FDH 

1 

1 

1 

1 

1 

1 

8 

1 

831F 

F 

251 

BLANK: DB 

0FFH 

1 

1 

1 

1 

1 

1 

1 

1 


*«M(4c««SEGMENTS<MaM»itm 


252 

253 


END 


USER SYMBOLS 


BLANK 

031F 

BLKMAP 880E 

CH0 

8388 

cm 

0301 

CH2 

0302 

CH3 

0303 

CH4 

0304 

CHS 

0305 

CH6 

8306 

CH7 

8307 

CHB 

8388 

CH9 

8309 

CHA 

038A 

CHAPOS 031E 

CHB 

030B 

CHC 

03a 

CHD 

038D 

CHDASH 831D 

CHDP 

8310 

CHE 

830E 

OF 

838F 

CHG 

0311 

CHH 

0312 

CHI 

0313 

CHJ 

0314 

CHL 

0315 

CHN 

0316 

CHO 

0317 

CHP 

0318 

CHR 

0319 

CKf 

031A 

CHU 

8316 

CHV 

TIME 

031C 

FFFl 

DISPLA 001F 

DPOINT 8858 

INPUT 

8038 

LOOP 

801D 

RETURN 8053 

SETIME 0032 

START 

8809 


ASSEMBLY COMPLETE, NO ERRORS 
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APPENDIX A2 


LOC OBJ SEO SOURCE STRTEHENT 

1 j 

2 j8085fl SUBRWfINE TO DISPLflV THE 8H)IGIT BUFFER STARTING 

3 ; AT THE LOCATION POINTED AT BV NS6SRT ON THE UPI-CONTROLLED 

4 ;LED DISPLAY. 

5 i 

6 ; INPUTS :HSGSRT - MESSAGE START LOCATION POINTER 

7 iDESTROYS: A, F/F'S 

8 ;CALLS: OUTCHR 

9 ; 




10 

ORG 

4000H 


00E5 


11 STATUS 

EQU 

0E5H 

UPI STATUS PORT 

0602 


12 IBF 

EQU 

02H 

UPI IBF FLAG MASK 

eeE4 


13 DBBIN 

14 ; 

EQU 

0E4H 

UPI DBBIN PORT 


E5 

15 DSPLAY: 

PUSH 

H 

SAVE HL 

4801 

C5 

16 

PUSH 

6 

SAVE BC 

4002 

2A2840 

17 

LHLD 

MSGSRT 

LOAD HL NITH MESSAGE START ADR 

4005 

CKOCI 

ww 

18 

nvi 

B.00H 

INITIALIZE DIGIT COUNTER 

4007 

7E 

19 SI; 

MOV 

A.M 

GET CHR FROM BUFFER 

4W8 

E61F 

20 

ANI 

IFH 

MAKE IT 5 BUS 

400R 

80 

21 

ADD 

B 

ADD IN DIGIT COUNIER 

400B 

4F 

22 

MOV 

C.A 

SAVE TOTAL IN C 

dMT 

CD1D40 

23 

CALL 

OUTCHR 

OUTPUT CHR PLUS LOCATION TO UPI 

400F 

78 

24 

MOV 

AjB 

GET DIGIT COUNTER 

4010 

C620 

25 

ADI 

20H 

INC FOR NEXT DIGIT 

4012 

DA1A40 

26 

JC 

EXIT 

DONE IF CARRY SET 

4015 

47 

27 

MOV 

B.A 

RESTORE DIGIT COUNTER 

4016 

23 

28 

INX 

H 

INC MESSAGE POINTER 

4017 

C30740 

29 

JMP 

SI 

GO GO NEXT CHR 



30 ; 




401A 

Cl 

31 EXIT: 

POP 

B jRESTORE BC 

401B 

El 

32 

POP 

H 

; RESTORE HL 

401C 

C9 

33 

RET 


.'RETURN 



34 i 






35 ;SUBROUTINE TO OUTPUT CHR TO UPI 




36 ; 




401D 

DBE5 

37 OUTCHR: 

IN 

STATUS 

READ UPI STATUS 

401F 

E662 

38 

ANI 

IBF 

LOOK AT IBF 

4021 

CaD40 

39 

JN2 

OUTCHR 

WAIT UNTIL IBF=0 

4024 

79 

40 

MOV 

nc 

GET CHR 

4025 

D3E4 

41 

OUT 

DBBIN 

OUTPUT CHR TO UPI DBBIN 

4027 

C9 

42 

RET 


RETURN 



43 > 




0002 


44 HSGSRT: 

45 j 

46 END 

DS 

02H 

.LOCATION OF MESSAGE START POINTER 
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APPENDIX B1 


ISIS-II HCS-^S/UPMl mxo R5SQCLER. VZe 


LOC OBJ 


SEQ 


SOURCE STflTEMEMT 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


UPI>41fl SENSOR NRTRIX CONTROLLER 


THIS PROGRRH USES THE UPI-41R RS R SENSOR NRTRIX CONTROLLER. 

IT HRS NONITORING CflPRBILITIES OF UP TO 128 SENSORS. IHE COORD1NR1E 

RND SENSOR STRTUS OF ERCH DETECTED CHRNGE IS RVRILRBLE TO THE NRSTER 
NICROPROCESSOR IN R SINGLE BVTE. R 40X8 FIFO QUEUE IS PROVIDED FOR 
DRTR 8UFFERIN& BOTH HRRDURRE OR POLLED INTERRUPT IC1HODS CRN BE USED 
TO NOTIFY THE NRSTER OF R DETECTED SENSOR CHRNGE. 


REGISTER DEFINITIONS: 


15 i 

REGISTER 

RBQ 

RBI 

16 

17 

R0 

NRTRIX NflP POINTER 

NOT USED 

18 

R1 

FIFO POINTER 

NOT USED 

19 

R2 

SCRN RON SELECT 

NOT USED 

20 

R3 

COLUNN COUNTER 

NOT USED 

21 

R4 

FIFO-IN 

NOT USED 

22 . 

R5 

FIFO-OUT 

NOT USED 

23 

R6 

CHRNGE WORD 

NOT USED 

24 . 

R7 

CONPRRE 

NOT USED 


25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 REJECT 


PORT PIN DEFINITIONS: 

PIN PORT 1 FUNCTION 

P0-7 COLUHN LINE INPU 


PIN 

PORT 2 FUNCTION 

P0-3 

ROM SELECT OUTPUTS 

P4 

FIFO NOT ENPTV INTERRUPT 

P5 

06F INTERRUPT 

P6-7 

NOT USED 
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APPENDIX B1 (Continued) 


mjiw Di i i^riniiiivir 


43 

44 

45 

46 

47 

48 

49 
56 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 


BIT 

FUNCTION 

D0-6 

SENSOR COORDINATE 

D7 

SENSOR STATUS 

tIT DEFINITION- 


BIT 

FUNCTION 

D6 

06F 

Dl-3 

IBF, F0. FI (NOT USED) 

D4 

FIFO NOT EMPTY 

D5-7 

USED DEFINED (NOl USED) 




EQURTES 

THE FOLLOHING CODE DESIGNRTES THREE VRRIflBLES; SOVmtFIFOBR 
AND FIFOTa SCRNTH ADJUSTS THE LENGTH OF A DELAV BETWEEN 
SCANNING SNITCH. THIS SIMULATES DEBOUNCE FUNCTIONS. FIFOBA 
IS THE BOTTOM ADDRESS OF THE FIFO. FIFOTA IS THE TOP ADDRESS 
OF THE FIFO. THIS MAKES IT POSSIBLE TO HAVE A FIFO 3 TO 46 
BYTES IN LENGTH. 


806F 

73 SCANTM 

EQU 

0FH 

iSCAN TINE ADJUST 

6668 

74 FIFOBA 

EQU 

68H 

iFIFO BOnOM ADDRESS 

662F 

75 FIFOTA 

EQU 

2FH 

;FIFO TOP ADDRESS 


76 ; 





77 lEJECT 
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APPENDIX B1 (Continued) 


LOC OBJ SEQ SOURCE STATEHENT 

78 ; ***************** ** * *** ****** * ********** * 

79 i 

88 ; INITIALIZATION 

81 i 

82 ;TNE PROGRAM STARTS AT THE FOLLOHING CODE UPON RESET. UITHIN 

83 ;THIS INITIALIZATION SECTION THE REGISTERS THAT MAINTAIN TIC MATRIX 

84 ;MRP.FIFO AMD RON SCANNING ARE SET UP. PORT 1 IS SET HIGH FOR USE 

85 iAS AN lliVr PORT FOR TIC COLUMN STATUS. BIT 4 OF STATUS REGISTER IS 

86 ;WITTEN TO CONVEV A FIFO EMPTY CONDITION 1HE INITIAL COLUMN STATUS 

87 ;OF ALL THE RONS IN THE SENSOR MATRIX IS THEN READ INTO THE MATRIX 

88 iMRP. ONCE THE MATRIX MAP IS FILLED THE OBF INTERRUPT (PORT 2-4) IS 


89 .ENABLED. 
98 ; 

i f f ff 

92 7 


wRw 

93 

ORG 

0 

0006 B83F 

94 INITMX: MOV 

R0,i3FH 

0002 BA0F 

95 

MOV 

R2,i0FH 

0004 BC08 

96 

NOV 

R4,tFIF0GA 

0006 BD2F 

97 

MOV 

R5,iFIF0TR 

0008 89FF 

98 

ORL 

Pl,i0FFH 

000A 2300 

99 

MOV 

A,«00H 

TV 

100 

MOV 

STS, A 

000D FA 

101 FILLMX: MOV 

A,R2 

006E 3A 

102 

OUTL 

P2,A 

00eF 09 

103 

IN 

A, PI 

0010 A0 

104 

MOV 

0R0,A 

0011 FA 

105 

MOV 

A,R2 

0012 C618 

106 

JZ 

OBFINT 

0014 C8 

107 

DEC 

R0 

0015 CA 

108 

DEC 

R2 

0016 040D 

109 

JMP 

FILLMX 

0018 6A10 

110 OBFINT: MOV 

R2,«10H 

001A FA 

in 

MOV 

A,R2 

001B 3A 

112 

OUTL 

P2,A 

001C F5 

113 

EN 

FLAGS 


114 ; 

115 lEJECT 


HRTRIX NflP POINTER REGISTER, TOP ADDRESS 

SCAN RON SELECT REGISTER, TOP ROM 

FIFO INPUT ADDRESS REGISTER,BOHOH OF FIFO 

FIFO OU1PUT ADDRESS REGISTER, TOP OF FIFO 

INITIALIZE PORT 1 HIGH FOR INPUTS 

INITIALIZE STHTUS REGISTER, FIFO Eff’lV 

WITE TO STATUS REGISTER, BITS 4-7 

SCAN ROM SELECT TO ACCUNULATOR 

OUTPUT SCAN RON SELECT TO PORT 2 

INPUT CXUHN STATUS PORT 1 

LORD MATRIX NAP MITH COLUm STATUS 

CHECK SCAN ROM SaECT REGISTER VALUE FOR B 

IF 0 ENABLE OBF INTERRUPT 

DECREMENT TO NEXT MATRIX MRP ADDRESS 

DECREMENT TO SCAN NEXT RON 

FILL NEXT MATRIX MAP ADDRESS 

BIT 4 HIGH IN ROM SCAN SELECT REGISTER 

ROM SCAN SELECT VALUE TO ACCUMULATOR 

INITIALIZE PORT 2, BIT 4 FOR "EN FLAGS* 

ENABLE OBF INTERRUPT PORI 2, BIT 4 
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LOC OBJ SEQ SOURCE STATEMENT 

116 i* * * ** ** $ ^(f ** **** ^ 

117 ; 

ns i SCAN AND COMPARE 

119 ; 

128 jTHE FXLOMING CODE IS THE SCAN AND COMPARE SECTION OF THE PROGRAM. 

121 ;UPON ENTERING THIS SECTION A CHECK IS MADE TO SEE IF IHE ENTIRE MATRIX 

122 ; HAS BEEN SCANNED. IF SO THE REGISTERS THAT MAINTAIN THE MATRIX MAP AND ROM 

123 ; SCALING ARE RESET TO THE BEGINNING OF TTE SENSOR MATRIX. IF THE ENTIRE 

124 ;MATRIX HASNT BED4 SCANNED THE REGISTERS INCREMENT TO SCAN THE NEXT ROM. 

125 ; FROM THIS POINT ON THE RON SCAN SELECT REGISTER IS USED FOR TWO FUNCTIONS. 

126 iBITS 8-3 FOR SCANNING AND BITS 4 AND 5 FOR THE EXTERNAL INTERRUPTS. l^HUSEV 

127 ;ALL USAGE OF THE REGISTERS IS DONE BV LOGICALLV MASKING IT SO AS TO ONLY 

128 ; AFFECT THE FUNCTION DESIRED. ONCE THE REGISTERS ARE RESET. ONE ROW OF THE 

129 ;SENSOR MATRIX IS SCANNED. A DELAY IS EXECUTED TO ADJUST FOR SCAN TIME 
138 ; (DEBOUNCE). A BYTE OF COLUMN STATUS IS THEN READ INTO THE MATRIX MRP. 

131 ;AT THE TIME THE NEU COLUMN STATUS IS COMPARED TO THE OLD. THE RESULT IS 

132 ;STORED IN THE COMPARE REGISTER THE PROGRAM IS THEN ROUTED ACCORDING TO 

133 jHHETHER or not a CHANGE HAS DETECTED. 

134 ; 

135 j 

136 ; 


881D FA 

137 ADJREG: 

MOV 

A.R2 

SCAN RON SELECT TO ACCUMULATOR 

881E 538F 

138 

ANL 

A.I8FH 

CHECK FOR 8 SCAN VALUE ONLY.NOT INTERRUPT 

8828 C626 

139 

JZ 

RSETRG 

IF 8 RESET REGISTERS 

8822 C8 

148 

DEC 

R8 

DECREMENT MATRIX MAP POINTER 

8823 CA 

141 

DEC 

R2 

DECREMENT SCAN ROU SELECT 

8824 842C 

142 

JMP 

SCANMX 

SCAN MATRIX 

8826 B83F 

143 RSETRG. 

MOV 

R8.*3FH 

RESET MATRIX MAP POINTER REGISTER. TOP ADDRESS 

8828 FA 

144 

MOV 

A.R2 

SCAN ROM SELECT TO ACCUMULATOR 

8829 438F 

145 

ORL 

A.i8FH 

RESET SCAN ROU SELECT.NO INTERRUPT CHANGE 

882B AA 

146 

MOV 

R2.A 

SCAN ROU SELECT REGISTER 

882C FA 

147 SCANMX: 

MOV 

A.R2 

SCAN ROU SELECT TO ACCUMULATOR 

8820 3A 

148 

OUTL 

P2.A 

OUTPUT SCAN ROU SELECT TO PORT 2 

882E B88F 

149 

MOV 

R3.ISCANTM 

SET DELAY FOR OU*lPUT SCAN TIME 

8838 EB38 

158 DELAY2. 

DJNZ 

R3.DELAY2 

DELAY 

8832 89 

151 

IN 

A, PI 

INPUT COLUMN STATUS FROM PORT 1 TO ACCUMULATOR 

8833 28 

152 

XCH 

A.8R8 

STORE NEU COLUMN STATUS SAVE OLD IN ACCUMULATOR 

8834 D8 

153 

XRL 

A.8R8 

COMPARE OLD UITH NEU COLUMN STATUS 

8835 AF 

154 

MOV 

R7.A 

SAVE COMPARE RESULT IN COMPARE REGISTER 

8836 C669 

155 

JZ 

CHFFUL 

IF THE SAME. CHECK IF FIFO IS FUl 


156 ; 

157 $EJECT 
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LOC OBJ SEQ SOURCE STATEMENT 

159 ; 

180 j CHANGE HORD ENCODING 

161 / 

162 iTHE FOLLOUING CODE IS THE CHANGE WORD ENCODING SECTION. THIS 

163 iSECTION IS OM.V EXECUTED IF A CHANGE HAS DETECTED. THE COLUMN COUNTER 

164 ; IS SET AND DECREMENTED TO DESIGNATE EACH OF THE 8 CXUMNS. THE COMPARE 

165 jREGISTER IS LOOKED AT ONE BIT AT A TIME TO FIND THE EXACT LOCATION OF 

166 ;THE CHANGE<S). UHEN A CHANGE IS FOUND IT IS ENCODED BY GIVING IT A 

167 ;COORDINATE FOR ITS LOCATION. THIS IS DONE BY COMBINING THE PRESENT VALUE 

168 ; IN THE RON SCAN SELECT REGISTER AM) THE COLUMN COUNTED THE ACTUAL STATUS 

169 iOF THAT SENSOR IS ESTABLISHED BY LOOKING AT THE CORRESPOM>ING BYTE IN 

170 ;TNE MATRIX MAP. THIS STATUS IS COrCINED UITH THE COORDINATE TO ESTABLISH 

171 ;THE CHANGE HORD. THE CHANGE HORD IS THEN STORED IN THE CHANGE HORD REGISTER. 

172 ; 

174 i 

0038 B888 175 MOV 

003A C6 176 RRLOOK: DEC 

003B F0 177 MOV 

003C 77 178 RR 

803D R0 179 MOV 

003E FF 180 MOV 

003F 77 181 RR 

0040 AF 182 MOV 

0041 F245 183 JB7 

0043 0469 184 JMP 

0045 FA 185 ENCODE: MOV 

0046 530F 186 ANL 

0048 E7 187 RL 

0049 E7 188 RL 

004A E7 189 RL 

0048 48 190 ORL 

191 

004C AE 192 MOV 

0040 F0 193 MOV 

O04E 5380 194 ANL 

0050 4E 195 ORL 

0051 AE 196 MOV 

197 ; 

198 lEJECT 


R3.i08H ;SET COLUMN COUNTER REGISTER TO 8 

R3 ; DECREMENT COLUMN COUNTER 

A. 0R8 ; COLUMN STATUS TO ACCUMULATOR 

A ;ROTATE COLUMN STATUS RIGHT 

0R0.A ;ROTATED COLUMN STATUS BACK 10 MATRIX MAP 

RiR7 ;COMPARE REGISTER VALUE TO ACCUMULATOR 

A ; ROTATE COMPARE VALUE RIGHT 

R7.A /ROTATED COMPARE VALUE TO COMPARE REGISTER 

ENCODE /TEST BIT 7 IF CHANGE DETECTED ENCODE CHANGE HORD 

CHFFUL / IF NO CHANGE IS DETECTED CHECK FOR FIFO FUl 

A.R2 /SCAN ROM SELECT TO ACCUMULATOR 0000XXXX 

A.i0FH /ROTATE ONLY SCAN VALUE 

A /ROTATE LEFT 000XXXX0 

A /ROTATE LER 00XXXX00 

A /ROTATE LER 0XXXX000 

fl R3 / ESTABLISH MATRIX COORDINANT WOOQOO^ 

/(OR) COLUMN COUNTER VALUE UITH ACCUMULATOR 
R6.A /SAVE COORDINANT IN CHANGE HORD REGISTER 

Ri0R0 /COLUMN STATUS FROM MATRIX MAP TO ACCUMULATOR 

R.i80H /0 ALL BITS BUT BIT 7 

AiR6 /(OR) SENSOR STATUS UITH COORDINATE FOR COMPLETED CHANGE HORD 

R6.A /SAVE CHANGE HORD XXXXXXXX 
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APPENDIX B1 fContiniiAHt 

SaW / 

201 ; FIFO-OeBOUT NRNRGEHENT 

282 i 

203 jTHE FOaOHING CODE 15 THE FIF0-De80UT NRNRGbHENT SECTION OF THE 

204 ;PR0GRRH. THIS SECTION TAKES AN ENCODED CHANGE HOAD AND LOADS IT INTO 

205 iTHE FIFO. THE FIFO NOT EHPTV INTERRUPT IS THEN SET AND THE FIFO-IN 

206 ; POINTER GETS UPDATED. A FIFO FULL CONDITION IS THEN CHECKED FOR AND 

207 ^ROUTED ACCORDINGLY. IF BOTH THE FIFO AND 06F HAVE CHAN(£ WORDS THE 

208 ;PROGRAH LOCKS UP UNTIL THIS HRS CHANGED. IF THE FIFO ISNT FULL COLUMN 

209 ;COUNTER= 0> FIFO EMPTY AND OBF CONDITIONS ARE CHECKED. THE FIFO-OOT 
m iPOINTER IS SET AND DBBOUT IS LOADED IF THE FIFO ISNT EMPTY AND OBF ISNT 

211 ; SET. IF THIS ISNT THE SITUATION, PROGRAM aOH IS ROUTED BACK 10 THE 

212 ; THE SCAN AND COMPARE SECTION TO SCAN THE NEXT ROW 

213 ; 

215 ; 


8052 FC 

216 LOADFF: MOV 

A,R4 

FIFO INPUT ADDRESS TO ACCUMULATOR 

0053 A9 

217 

MOV 

R1,A 

FIFO POINTER USED FOR IWUT 

0054 FE 

218 

MOV 

A,R6 

CHANGE WORD TO ACCUMULATOR 

0055 A1 

219 

MOV 

ORLA 

LOAD FIFO AT FIFO INPUT ADDRESS 

0056 2318 

220 STATNE: MOV 

A,iieH 

BIT 4 FOR FIFO NOT EHPTV 

0058 90 

221 

MOV 

STS, A 

WRITE TO STATUS REGISTER, FIFO NOT EMPTY 

0069 8A20 

222 INTRHl; ORL 

P2,*20H 

FIFO NOT EMPTY INTERRUPT PORT 2-5 HIGH 

005B FA 

223 

MOV 

A,R2 

ROW SCAN SELECT TO ACCUMULAIOR 

005C 4328 

224 

ORL 

A,i20H 

SAVE INTERRUPT, NO CHANGE TO SCAN VALUE 

005E AA 

225 

MOV 

R2,A 

ROW SCAN SELECT REGISTER 

005F 232F 

226 ADJFIN: MOV 

A,IFIFOTA 

FIFO TOP ADDRESS TO ACCUMULATOR 

0061 DC 

227 

XRL 

A,R4 

COMPARE WITH CURRENT FIFO INPUT ADDRESS 

0062 C667 

228 

JZ 

RSFFIN 

IF THE SAME RESET FIFO INPUT REGISTER 

0064 1C 

229 

INC 

R4 

NEXT FIFO INPUT ADDRESS 

0065 0469 

230 

JMP 

CHFFUL 

CHECK FIFO FULL 

0067 BC08 

231 RSFFIN: MOV 

R4,IFIF0BA 

RESET FIFO INPUT REGISTER, BOHOM OF FIFO 

0069 FC 

232 CHFFUL: MOV 

A,R4 

FIFO INPUT ADDRESS TO ACCUMULATOR 

006A DD 

233 

XRL 

A,R5 

COMPARE INPUT WITH OUTPUT FIFO ADDRESS 

006B 967D 

234 

JNZ 

CHCNTR 

IF NOT SAME CHECK COLUMN COUNTER VALUE 

006D 866D 

235 CHOBFl: JOBF 

CHOBFl 

IF OBF IS 1 THEN CHECK OBF 

806F 232F 

236 ADJFOT; MOV 

A,iFIFOTA 

FIFO TOP ADDRESS TO ACCUMULATOR 

0071 DD 

237 

XRL 

A,R5 

COMPARE TOP TO OUTPUT FIFO ADDRESS 

0072 C6r7 

238 

JZ 

RSFFOT 

IF THE SAME RESET FIFO OUTPUT REGISTER 

0074 ID 

239 

INC 

R5 

NEXT FIFO OUTPUT ADDRESS 

0075 0479 

240 

JMP 

LOADDB 

LOAD DBBOUT 

0077 BD08 

241 RSFFOT: MOV 

R5,iFIF0BA 

RESET FIFO OUTPUT ADDRESS TO BOHOM OF FIFO 

0079 FD 

242 L0ADD6; MOV 

A,R5 

OUTPUT FIFO ADDRESS TO ACCUMULATOR 

007R A9 

243 

NOV 

RLA 

FIFO POINTER USED FOR OUTPUT 

007B FI 

244 

MOV 

A,0R1 

CHANGE WORD TO ACCUMULATOR 

007C 82 

245 

OUT 

DB6,A 

CHANGE WORD TO DBBOUT 

007D FB 

246 CHCNTR; MOV 

A, R3 

CXUMN COUNTER TO ACCUMULATOR 

807E 963A 

247 

JNZ 

RRLOOK 

IF NOT 0 FINISH CHANGE WORD ENCODING 

0080 2388 

248 CHFFEM; MOV 

A,iFIFOBA 

FIFO BOnOM ADDRESS TO ACCUMULATOR 

0882 DC 

249 

XRL 

A,R4 

COMPARE FIFO INPUT ADDRESS WITH FIFO BOHOM ADDRESS 

0083 C68C 

250 

JZ 

ADJFEM 

IF THE SAME, ADJUST TO CHECK FOR FIFO EHPTV 

0885 FC 

251 

MOV 

A,R4 

FIFO INPUT ADDRESS TO ACCUMULATOR 

0086 07 

252 

DEC 

A 

DECREMENT FIFO INPUT ADDRESS IN ACCUMULATOR 

0087 DD 

253 

XRL 

A,R5 

COMPARE INPUT TO OUTPUT FIFO ADDRESSES 
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APPENDIX B1 (Continued) 


LOC OBJ SEQ SOURCE STATEMENT 


0088 C691 254 JZ STATHT 

0088 0490 255 JMP CH06F2 

008C 232F 256 ADJFEM; MOV niFIFOTR 

008EDD 257 XRL RiR5 

008F 969C 258 JNZ CH0eF2 

0091 2300 259 STATHT: MOV A,i00H 

0093 90 260 MOV STS.A 

0094 9ADF 261 INTRLO; ANL P2.i0DFH 

0096 FA 262 MOV AiR2 

0097 53DF 263 ANL flNDFH 

0099 AA 264 MOV R2.A 

009A 041D 265 JMP AOJREG 

009C 861D 266 CH0BF2: JOBF AOJREG 

009E 046F 267 JMP ADJFOf 

268 i 

269 END 


IP SAfCi WRITE STATUS REGISTER FOR FIFO EMPTY 
CHECK OGF 

FIFO TOP ADDRESS 10 ACCUMULATOR 

COMPARE TOP TO OUTPUT FIFO ADDRESS 

IF NOT SAME THEN FIFO IS NOT EMPTY. CHECK OGF 

CLEAR BIT 0 FOR FIFO EMPTY 

WRITE TO STATUS REGISTER 

FIFO EMPTY. INTERRUPT PORT 2-5 LOW 

SCAN RON SELECT 10 ACCUMULATOR 

SAVE INTERRUPT. NO CHANGE TO SCAN VALUE 

SCAN ROW SELECT REGISTER 

ADJUST REGISTERS 

IF OBF^ THEN ADJUST REGISTERS 

ADJUST FIFO OUT ADDRESS TO LOAD D6B0UT 


USER SYMBOLS 
ADJFEM 008C 

ADJFIN 005F 

ADJFOT 006F 

ADJREG 001D 

CHCNTR 007D 

CHFFEH 0080 

CHFFUL 0069 

CH06F1 

006D 

CH0GF2 009C 

0ELAY2 0030 

ENCODE 0045 

FIF06A 0008 

FIFOTA 002F 

FILLMX 000D 

INITMX 0000 

INTRHl 

0059 

INTRLO 0094 

LOADDB 0079 

LOADFF 0052 

OGFINT 0018 

RRLOOK 003A 

RSETRG 0026 

RSFFIN 0067 

RSFFOT 

0077 

SCAMIX 002C 

SCANTM 000F 

STATMT 0091 

STATNE 0056 







ASSEMBLY COMPLETE. NO ERRORS 
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APPENDIX B2 


ISIS'II m^/m5 NRCRO RS5EHBLER. X188 HODULE PAGE 1 

8885ft^I SENSOR HRTRIX CONTROLLER 

LOC OBJ SEQ SOURCE STATENENT 

1 j 

2 ;SUBROUTINE TO READ ALL CHANGES IN THE UPI AND BUILD A BUFFER 

3 ^STARTING AT BUFSRT. REa B CONTAINS THE NUMBER OF CHANGES 

4 ;UPON EXIT. THE HAXINUH NUMBER OF CHANGES IN ANV ONE CALL 

5 i IS 255. 

6 i 

7 i INPUTS: NOTHING 

8 ^OUTPUTS; CHANGE WORD BUFFER AT BUFSRT 

9 ; CHANGE WORD COUNT IN REa B 



10 iCALLS: 

NOTHING 




11 j 




■tww 

12 

ORG 



e0E5 

13 STATUS 

EQU 

0E5H 

UPI STAIUS PORT 

0eE4 

14 DBBOUT 

EQU 

0E4H 

UPI DBBOUT PORT 

8010 

15 FIFO 

EQU 

10H 

FIFO NOT EMPTY MASK 

0001 

16 OBF 

EQU 

01H 

OBF MASK 

4300 

17 BUFSRT 

EQU 

4300H 

BUFFER START LOCATION 


18 ; 




4000 a0043 

19 START: 

LXI 

H/BUFSRT 

INITIALIZE BUFFER POINTER 

ACM 

com 

20 

MVI 

B.00H 

CLEAR CHANGE UORD COUNTER 

4005 D6E5 

21 POLU: 

IN 

STATUS 

READ UPI STATUS 

4007 E6U 

22 

ANI 

FIFO OR OBF 

TEST FIFO MOT EMPTY AND OBF 

4009 C8 

23 

R2 


RETURN IF ZERO 

400A D6E5 

24 

IN 

STATUS 

READ UPI STATUS 

400C ES01 

25 

ANI 

OBF 

TEST OBF FLAG 

400E CA054O 

26 

JZ 

POLLl 

WAIT IF NOT READY 

40U D6E4 

27 

IN 

DBBOUT 

READ CHANGE HORD 

4013 77 

28 

MOV 

MiA 

LOAD BUFFER HIIH CHANGE UORD 

4014 23 

29 

INX 

H 

INC BUFFER POINTER 

4015 04 

30 

INR 

B 

INC CHANGE UORD COUNTER 

4016 C8 

31 

RZ 


EXIT IF COUNTER ^ 256 

4017 C30540 

32 

JMP 

POLU 

CHECK IF MORE CHANGE UORDS 


33 ; 





34 END 
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APPENDIX Cl 


ISIS-II I1CS-48/UPI-41 MHCRO RSSEHBLEIt V^ 0 
flP-41 COBINflTION I/O DEVICE 

LOC OBJ SEQ SOURCE STHTEMEMT 


1 «nCD42 

2 i 

4 jTHIS UPMl PROGRAH IHPLQCNTS R FlU-DUPLEX URRT UITH ON-CHIP 

5 ;BflUD RATE GENERATION IN COMBINATION HITH AN 8-BIT PARALLEL I/O 

6 ;PORT. THE BAUD RAIE IS SELECTABLE FROM 118 1 0 1286 BAUD. THE 

7 ;PARALLa I/O PORI IS PROGRAMMABLE FOR EITHER INPUT OR OUTPUT. 

8 ; 

9 i INTERRUPT OUTPUTS ARE AVAILABLE FOR DATA AVAILABLE ON THE RECEIVER 
18 ;AND PARALLa INPUT. 1HE STATUS REGISTER MUST BE READ TO DETERMirC 
U ;HHICH SOURCE CAUSED THE INTERRUPT. THE FLAGS F8 AND FI CODE THE 

12 ; INTERRUPT SOURCE. F8 AND FI ALSO GIVE AN INDICATION OF COMMAND 

13 ;ERRORS. 

14 ; 

15 


16 ; 


17 jREGISTER DEFINITION 

18 i R80 


19 i — 

28 j 8 NOT USED 

21 ; 1 NOT USED 

22 ; 2 NOT USED 

23 ; 3 RX STATUS (RXSTS) 

24 ; 4 RX HOLDING 

25 ; 5 RX TICK COUNTER 

26 ; 6 RX DESERIALIZER 

27 ; 7 STATUS REG STORE 


28 ; 
29 i 


38 i 


31 REJECT 


RBI 


NOT USED 

BAUD RATE C0r61 ANT 
TX TICK COUNTER 
TX SERIALIZER 
TX BUFFER 
TX STATUS (TXSTS) 
COWAND STORE 
ACC. INTERRUPT SAVE 
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APPENDIX Cl (Continued) 


LOC OBJ SEQ SOURCE STRTENENT 

32 i 


2J i 

34 i 

35 >C0lf1RNDS 

36 ; 

37 ; CONFIGURE: e80RBCDP 

38 ; 

R ' 1200 BRUD SELECT 

39 ; 

B - 600 BRUD SELECT 

40 ; 

C - 300 BflUD SELECT 

41 ; 

D - 110 BRUD SELECT 

42 ; 

E - PRRRLLa I/O DIRECTION 

43 J 

0 - INPUT 

44 ; 

1 - OUTPUT 

45 i 

46 i I/O: 1 0 0 0 0 0 0 0 

(PERFORM I/O OPERRTION) 

47 ; RESET ERROR:! 1 0 0 0 0 0 0 

(RESET RX ERROR IN STRTUS) 


48 ; 
50 ; 


51 ; STRTUS 

REGISTER 

DEFINITION 

52 

53 ; 

BIT 


DEFINITION 

54 ; 

55 ; 

0 


OBF - DRTR RVflILRBLE 

56 ; 

1 


IBF « BUSY 

57 J 

2 


F0 

58 ; 

3 


FI 

59 ; 

4 


MOT USED 

60 ; 

5 


TXIMT - TX INIERRUPT 

61 ; 

6 


FRRMING ERROR 

62 ; 

7 


OVERRUN ERROR 

63 ; 

64 ; 

F0 

FI 

OPERRTION 

65 ; 

— 

— 

— - 

66 j 

0 

0 

X 

67 ; 

0 

1 

PRRRLLa I/O DRTR flVRlLRBLE 

68 ; 

1 

0 

SERIRL I/O DRTR RVRILRBLE 

69 i 

1 

1 

COMMRND ERROR 

70 ; 

71 ; «*♦««« 





72 ; 

71 lEJECT 
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APPENDIX Cl (Continued) 


LOC OBJ SEQ SOURCE STATEMENT 

74 ; 


75 ; 




76 ; 




77 ; 

STATUS REGISTER DEFINITIONS 


78 ; 




79 ; 


RXSTS 

TXSTS 

88 .• 
81 

0 

RX FLAG - SPACE 

TX FLAG - TRANSMIT! ING CHf 

82 

4 

X 

START FLAG - GOOD S1HRT REQUEST BVTE - CHR IN BUR 

83 

2 

B‘7'IE FINISHED 

TX PIrtLINED DATA Oil 

84 

3 

DATA READV 

START BIT aAG 

85 

4 

FRAMING ERROR 

MOT USED 

86 

5 

OVERRUN ERROR 

NOT USED 

87 

6 

10 DIRECTION 

NOT USED 

88 

7 

10 FLAG 

NOT USED 

89 




96 




91 




92 

PORT 2 DEFINITIONS 



93 




94 

BIT 

DEFINITION 


95 

— 



96 

0 

TX DATA 


97 

i 1 

NOT USED 


98 

> 2 

NOT USED 


99 

3 

TX INTERRUPT 


180 

j 4 

HBF INTERRUPT (RX OR I/O DATA AVAILABLE) 

181 

; 5 

NOT USED 


182 

; 6 

MOT USED (TICK SAMPLE) 


183 

; 7 

NOT USED 


184 

f 



IvD 




106 

; 



107 

iMISC. 



188 

i 



189 

i RX DATA 

T0 INPUT 


110 

; EXT aOCK 

T1 INPUT 76. 8KHZ (1 2288HHZ/16> 

lU 

112 



1 linn 1 rnn rt 


113 ; 

114 lEJECT 


All mnemonics copyrighted ® Intel Corporation 1976. 


9-49 




APPENDIX C1 (Continued) 


117 ; 

118 jSVSTBI EQURTES: 
US ; 


0001 

120 RXFLG 

EQU 

01H 

RECEIVE R-AG IN RXSTS 

0002 

121 SR1FLG 

EQU 

02H 

START BIT aAG IN RXSTS 

0004 

122 BFFLG 

EQU 

04H 

BYTE FINISHED FLAG IN RXSTS 

0008 

123 OflTRDV 

EQU 

08H 

DATA READY FLAG IN RXSIS 

0010 

124 FRRHER 

EQU 

10H 

FRAHING ERROR FLAG IN RXSTS 

0020 

125 OVRUN 

EQU 

20H 

OVERRUN ERROR FLAG IN RXSTS 

0040 

126 lODlR 

EQU 

40H 

I/O DIRECTION FLAG IN RXSiS 

0080 

127 loao 

EQU 

80H 

I/O REQUEST FLAG IN RXSIS 

0001 

128 TXFLG 

EQU 

01H 

TX FLAG IN TXSTS 

0002 

12S REQFLG 

EQU 

02H 

REQUEST BYTE FLAG IN TXSTS 

0040 

130 TICOUT 

EQU 

40H 

TICK SAMPLE BIT IN PORT 2 

0080 

131 RXINTL 

EQU 

80H 

RX DESERIALIZER INITIALIZATION 

0004 

Xn TICSRT 

EQU 

04H 

TICK INITIALIZATION 

007F 

133 flSCHSK 

EQU 

7FH 

ASCII MASK 

0003 

134 TXTIC 

EQU 

03H 

IX TICK HOD MASK 

0028 

135 TXEND 

EQU 

48D 

TICK COUNT AT END OF TX CHARACTER 

0024 

136 STPEND 

EQU 

36D 

TICK COUNT AT END OF TX DATA 


137 HflRK 

EQU 


MARK OUTPUT 

00FB 

138 SPACE 

EQU 

0FBH 

SPACE OUTPUT 


139 ZERO 

EQU 

00H 

(£NERAL CLEAR 


140 TXINT 

EQU 

08H 

TX INTERRUPT OUTPUT IN PORT 2 

0020 

141 TXBIT 

EQU 

20H 

TX INTERRUPT BIT IN STATUS 

0020 

142 TIHCON 

EQU 

32D 

TIMER CONSTANT RAN LOCATION 

003F 

143 RSTERR 

EQU 

3FH 

RESET ERROR MASK FOR STATUS 

0040 

144 RESTS 

EQU 

40H 

FRAMING ERROR BIT IN STATUS 

0080 

145 OVSTS 

EQU 

80H 

OVERRUN ERROR BIT IN STATUS 

0001 

146 UKOUT 

EQU 

01H 

MARK OUTPUT TO PORT 

00FE 

147 SPOUT 

EQU 

0FEH 

SPACE OUTPUT TO PORT 

AAQO 

oWo 

148 SBIT 

EQU 

08H 

TX START BIT FLAG 

0003 

149 RXSTS 

EQU 

R3 

RX STATUS REGISTER 

0005 

150 TXSTS 

EQU 

R5 

TX STATUS REGISTER 


151 ^ 

152 lEJECT 
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APPENDIX Cl (Continued) 


LOC OBJ 


SEQ 


SOURCE STmEMENT 


153 

154 

155 

156 

157 

158 


} 

;RESET VECTOR LOCATION 


aoaa 

WKWJ 

159 

ORG 

mwon 


160 ; 



0000 C5 

161 RESET: 

SEL 

m 

0001 4400 

162 

JMP 

INIT 


;GET INTO RB0 AT RESET 
;GO TO INITIALIZATION 


163 

164 

165 

166 

167 

168 

169 

170 

171 

172 


i TIMER INTERRUPT LOCATION - TIICR IS SET TO 4 TIMES THE BAUD RATE. THE 
.•RECEIVER AND TRANSMITTER ARE SERVICED EVERV FOUR TIMER TICKS. SOFTHARE 
iDaAV LOOP IS USED FOR TIMING FINE-TUNING. RBI R1 POINTS AT DELAV 
.CONSTANT AT INTERRUPT. Rl-1 POINTS AT TIMER CONSTANT. 


m? 

173 

ORG 

0007H 



174 .- 




0007 D5 

175 TIMINT: 

SEL 

RBI 

INTERRUPT PROCESSING IN RBI 

0008 AF 

176 

MOV 

R7.A 

SAVE ACCUMULATOR IN R7 

0009 F9 

177 

MOV 

A.R1 

GET TIMER CONSTANT 

800A 00 

178 

NOP 


DELAV TO GET INTO T1 HIGH 

qrOD 

WKn 3DOD 

179 INTI: 

JTl 

INTI 

HAir WTIL T1 IS LON 

000D 62 

180 

NOV 

T.A 

THEN LOAD COUNTER 


181 ; 





182 jTICK sample 

OUTPUT 



183 i 




floor Ofnc 
woe. TnOT 

184 

ANL 

P2.#N0T TICOUT 


0010 8A40 

185 

ORL 

P2.#TIC0UT 



186 

187 

188 

189 

190 

191 

192 

193 




TRANSMITTER OUTPUT - TIME CRITICAL TASKS DONE FIRST. 
PIPELINED IN TXSTS BIT 2 IS OUTPUT NOH. 


DATA BIT OUTPUT 


0012 FD 

194 TXOUT: 

MOV 

A. TXSTS 

GET TX STATUS 

0013 5219 

195 

JB2 

MOUT 

TEST PIPELINED DATA 

0015 9AFE 

196 

ANL 

P2.#SP0UT 

OUTPUT SPACE IF RESET 

0017 041B 

197 

JMP 

RCV 

DO RECEIVER 

0019 8A01 

198 MOUT: 

ORL 

P2.INK0UT 

OUTPUT NARK IS SET 


001B C5 


199 

200 
201 
202 

203 

204 

205 

206 
207 RCV 


START OF RECEIVER ROW 
HOLDS RECEIVER STATUS. 


SEL 


RB0 


RXSTS REGISTER 


j SNITCH TO RX BANK 
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APPENDIX Cl (Continued) 


LOC OBJ 

SEQ 

SOURCE STfiTETCNT 


eeic FB 

208 

NOV 

flRXSTS 

iGET RXSTS 

eeiD 1226 

269 

JB6 

RCVl 

iTEST RECEIVE FLRG 


210 



;6 > NO CHR BEING RECEIVED 


211 



;1 - POSSIBLE START BIL DO TEST 

eeiF 3668 

212 

JT0 

XHIT 

iTEST RXD INPUT 


213 



;0 - SPfiCL SET RX FLRG 


214 



ii - NRRIC GO CHECK XNIT 

0621 4361 

215 

ORL 

fLfRXaO 

jSPRCE - set RX FLRG 

6623 RB 

216 

NOV 

RXSTSiR 

; RESTORE RXSTS 

6624 0468 

217 

JNP 

XNIT 

;G0 HANDLE XNTR 


218 ; 





219 ;STRR1 BIT TEST 




226 j 




0026 3238 

221 RCVl: 

JBl 

RCV3 

; FIRST lEST START BIl FLAG 

0028 3633 

222 

JT0 

RCV2 

;TEST RXD INPUl 


223 



i0 - SPACE, GOOD STAR! BIT 


224 



ii - NARK, BAD START BIl, IGNORE 

062H 4362 

225 

ORL 

fiiSRTFLG 

iGOOD START - SET START BIT FLRG 

662C RB 

226 

NOV 

RXSTS.fl 

jRESTORE RXSTS 

062D BE80 

227 

NOV 

R6.iRXINTL 

; SETUP DESERIALIZER 

662F BD64 

228 

NOV 

R5,#TICSRT 

;LORD RX TICK COUNTER 

0631 6468 

229 

JNP 

XNIT 

;G0 HANDLE XNTR 


230 J 





231 ;BflO START BIT 

- RESET FLRGS 



232 ; 




0633 53FE 

233 RCV2: 

RNL 

R/INOT RXaO 

, RESET RECEIVE FLRG 

0635 RB 

234 

NOV 

RXSTS^R 

; RESTORE RXSTS 

6036 6468 

235 

JNP 

XNIT 

;G0 HANDLE XNTR 


236 ; 





237 ; IN niDDLE OF CNR - SANPLE EVERV 4 1IICR TICKS 


238 i 




0638 ED68 

239 RCV3: 

DJNZ 

R5.XNIT 

iHRIT UNTIL 4TH TICK 

003R BD64 

240 

NOV 

R5,iTICSRT 

jRELOAD RX TICK COUNTER 

603C 524D 

241 

JB2 

RCV5 

;TEST BYTE FINISHED FLRG 


242 



i0 - RIDDLE OF CHR, CONTINUE 


243 



;1 - DONE U11H STOP BUS 

003E 97 

244 

CLR 

C 

; CLEAR CHRRV BEFORE ROTATE 

063F 2642 

245 

JNT0 

RCV4 

;TEST RXD INPUT 

6641 R7 

246 

CPL 

C 

;RXD IS NARK, SET CRRRV 

6642 FE 

247 RCV4; 

NOV 

FtR6 

;GET DESERIALIZER 

0643 67 

248 

RRC 

R 

jROTATE IN NEN BIT 

0644 RE 

249 

NOV 

R6.R 

; RESTORE DESERIALIZER 

6645 E668 

250 

JNC 

XNIT 

iTEST CARRY AFTER ROTATE 


251 



i0 - NIDDLE OF CHR 


252 



il - STOP BIT CONING NEXT 

0647 FB 

253 

NOV 

fl^RXSTS 

iGET RXSTS 

0648 4304 

254 

ORL 

R^iBFaG 

iSET BYTE FINISHED FLAG 

004R RB 

255 

NOV 

RXSTSR 

i RESTORE RXSTS 

064B 0468 

256 

JNP 

XNIT 

iGO HANDLE XNTR 


257 ; 





258 ;BVTE FINISHED 

- DO STOP BIT TEST 


259 i 




0640 2660 

260 RCV5: 

JNT0 

RCV8 

iTEST RXD INPUT 


261 



i0 - SPACL INVALID STOP BIT 


262 



il - HARK, VALID STOP BIT 
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APPENDIX Cl (Continued) 


LOC OBJ SEQ SOURCE STfiTEHENT 

004F53EF 263 flNL fl,iN0T FRflMER ; NO FRflMING ERROR, RESET FLOG 

264 ; 

265 ;OVERRUN TEST - IF RX DflTft REflDV STIU SEL OVERRUN ERROR 

266 j 


8851 7264 

267 RCV6: 

JB3 

RCV9 

> IF DATA READV STILL SET, ERROR 

8853 53DF 

268 

AM 

A,#NOT OVRUN 

>N0 OVERRUN, RESET FLAG 


269 ; 





270 ;CL£flN UP RXSTS 

AT CHR COMPLETE 


271 ; 




8855 4388 

272 RCV7: 

ORL 

A,#DATRDS' 

;SET DATA READV 

885/ 53F8 

273 

ANL 

A,iNOT (RXFLG 

OR SRTFLG OR BFaG) ; RESET OTHER FLAGS 

8859 AB 

274 

MOV 

RXSTS, A 

;RESTORE RXSTS 

885A FE 

275 

MOV 

A,R6 

;GET DESERIfllZER REG 

885B 537F 

276 

ANL 

A,iASCMSK 

;MAKE IT 7 BITS 

885D AC 

277 

MOV 

R4,A 

;PUT DATA INTO HOLDING REG 

885E 8468 

278 

JMP 

XMIT 

;GO HANDLE XMTR 


279 ; 





288 ;6AD 

STOP - SET 

FRAMING ERROR 

FLAG 


281 ; 




8868 4318 

282 RCV8: 

ORL 

A,«FRAMER 

;SET FRAMING ERROR FLAG 

8862 8451 

283 

JMP 

RCV6 

; CONTINUE 


284 i 





285 iOVERRUN ERROR • 

- SET OVERRUN FLAG 


286 ; 




8864 4328 

287 RCV9: 

ORL 

A,*OVRUN 

;SET OVERRUN FLAG 

8866 8455 

288 

JMP 

RCV7 

; CONTINUE 


289 J 

291 i 

292 ; START OF TRANSMITTER FLOW - TRANSMITTER IS SERVICED EVERY 4 TICKS. 

293 jTHE TX TICK COUNTER SERVES AS THE TX BIT COUNTER. TRANSMIITER STATUS 

294 ^IS HELD IN THE TXSTS REGISTER. 

295 ; 

29 / ; 


8868 D5 

298 XMIT: 

sa 

RBI 

,BE SURE UE^RE IN RBI 

8869 FD 

299 

MOV 

A, TXSTS 

;GET TX STATUS 

886A 72B3 

388 

JB3 

SRTBIT 

;THIS IS START OF START BIT 

886C lA 

381 

INC 

R2 

iINC IX TICK COUNTER 

886D 2383 

382 

NOV 

A,#1XTIC 

;TEST TICK COUNTER MOD 4 

886F 5A 

383 

ANL 

A,R2 


8878 96B8 

384 

JNZ 

RETURN 

; IF NON-ZERO, MIDDLE OF BIT 

8872 FD 

385 

MOV 

A, TXSTS 

;ZERO, GET IXSTS 

8873 37 

386 

CPL 

A 

; COMPLEMENT FOR 0 TEST 

8874 129C 

387 

JB8 

XMT4 

;TEST TX FLAG 


388 



i0 - NOT TXING, CHECK FOR NEW CHR 


389 



;1 - CURRENTLY IN CHR 

8876 2328 

318 

MOV 

A, flXEND 

;CHECK FOR END OF DATA AND STOP 

8878 DA 

311 

XRL 

aR2 

;XOR WITH CURRENT TICK COUNl 

8879 9681 

312 

JNZ 

XMU 

;NOT DONE, CONTINUE 

887B FD 

313 

MOV 

a TXSTS 

;DONE, GET TXSTS 

887C 53FE 

314 

ANL 

A,#NOT TXFLG 

iRESET TX FLAG 

887E AO 

315 

MOV 

TXSTS, A 

i RESTORE TXSTS 

887F 8468 

316 

JMP 

RETURN 

jGO EXIT 


317 ; 
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APPENDIX C1 (Continued^ 


0081 2324 

320 XHTl: 

MOV 

A,#STPEND 

CHECK FOR STOP BIT TIME 

0683 DA 

321 

XRL 

flR2 

COMPARE HITH TICK COUNTER 

MRd <Kftr 

322 

JNZ 

XMT2 

NOT TIME, DO NEXT BIT 


323 ; 





324 iTRANSniT STOP BIT 



325 ; 




0886 FD 

326 

MOV 

A,TXSTS 

GET TX STATUS 

0087 4304 

327 

ORL 

Ai«MARK 

SETUP PIPELINED STOP BIT 

0089 AD 

328 

MOV 

TXSTSA 

RESTORE TX STATUS 

008A0480 

329 

JMP 

RETURN 

RETURN 


330 i 





331 ; IN MIDDLE OF 

CHR - TRANSMIT NEXT BIT 


332 i 




008C FB 

333 XI1T2: 

MOV 

A,R3 

(it i TX SERIfLIZER 

008D 67 

334 

RRC 

A 

ROTATE NEXT BIT INTO CflRRV 

008E HB 

335 

MOV 

R3,A 

RESTORE SERIALIZER 

008F FD 

336 

MOV 

aTXSTS 

(£T TX STATUS FOR PIPELINED DATA 

0090 F697 

337 

JC 

XN13 

OUTPin A HARK IF 1 

0092 53FB 

338 

ANL 

A,#SPACE 

RESET TXDATA BIT 

0094 RD 

339 

MOV 

TXSTS,A 

RESTORE TX STATUS 

0095 04B0 

340 

JMP 

RETURN 

GO EXIT 

0697 4304 

341 Xm3: 

ORL 

A.iMARK 

SET TXDATA BIT 

0099 AD 

342 

MOV 

TXSTS/A 

RESTORE TX STATUS 

009A 04B0 

343 

JMP 

RETURN 

GO EXIT 


344 ; 





345 J TEST 

REQUEST 

Fun SINCE NOT CURRENTLV TIWiSHiniNG 


346 ; 




009C 32A8 

347 XI1T4: 

JBl 

XMT5 

;TEST TX REQUEST FLAG 


348 



;0 ’ NO CHR UAITING IN BUFFER 


349 



;1 - CHR UAITING IN BUFFER 

009E FC 

350 

MOV 

A.R4 

;CHR WAITING, GET IT FROM HOLDING 

009F AB 

351 

MOV 

R3.A 

;PUT IN SERIALIZER 

00A0 FD 

352 

MOV 

flTXSTS 

;GET TXSTS 

00A1 53FD 

353 

ANL 

A.4N0T REQFLG 

; RESET REQUEST FLAG 

00A3 4309 

354 

ORL 

fl#TXFLG OR SBIT 

;SET TX AND START BIT FLAGS 

00A5 53F6 

3^ 

ANL 

fliSPACE 

; SETUP TXDATA FOR START BIT 

00A7 AD 

356 

MOV 

TXSTS^A 

jRESTORE TXSTS 


357 ; 





358 ;TX BUFFER EMPTY - SET TXINT PIN AND BIT 


359 i 




00A8 8A08 

360 XNT5: 

ORL 

P2,#TXINT 

;SET TXINT PIN 

00AA C5 

361 

SEL 

RB0 

; SWITCH FOR SIS 

00AB FF 

362 

MOV 

flR7 

;GET STS 

00AC 4320 

363 

ORL 

fllTXBn 

;SET TXINT BIT 

00AE AF 

364 

MOV 

R7,A 

; RESTORE STS 

00AF 90 

365 

MOV 

STS, A 

jLOAD STAIUS 


366 ; 





367 J ♦♦♦* 

368 ; 





369 iEXIT FOR TIMER INTERRUPT ROUTINE POINT 


370 i 





Sfl * WW 





372 ; 
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APPENDIX Cl (Continued) 


LOC OBJ 

SEQ 

SOURCE STfiTEHENT 


eeBB D5 

373 RETURN: 

SEL 

RBI 

;HflKE SURE UE^'RE IN RBI 

00B1 FF 

374 

HOV 

fl.R7 

iRESTORE R 

0062 92 

375 

RETR 


; RETURN WITH RESTORE 


376 ; 





iff t 

378 i 





379 ; GET HERE IF INTERRUPT IS FIRST FOR START BIT - CLEAR START BIT FUG IN 
388 >TXSTS AND SETUP TX TICK COUNTER. 


381 ; 





382 





383 j 




00B3 53F7 

384 SRTBIT 

flNL 

fllNOT SBIT 

; RESET STRRT BIT FLRG IN TXSTS 

00B5 RD 

385 

HOV 

TXSTSfR 

iRESTORE TX STRTUS 

00B6 BR01 

386 

HOV 

R2.i01H 

i INiriRLIZE rX TICK COUNTER 

MhKi WWf 

387 

388 j 

389 lEJECT 

JHP 

RETURN 

iRETURN 
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APPENDIX Cl (Continued) 


LOC OBJ SEQ SOURCE STRTEHENT 



390 j 

*704 • ^j,****j 










392 j 





393 iCOmm REC0GNI2ER - GET HERE FROH IBF HRITE UITH FI SET. COHURND 

394 ; IS SIORED IN R6. BAUD RAIE SELECTION BITS RRE EVALUATED RIGHT TO LEFT. 

395 ; THE FIRST SET BIT FOUND DETERNINES THE BAUD RATE. IF AN INVALID COMMAND 


396 JIS DETECTED, 

BOTH FI F0 ARE SET AND NO ACTION IS TAKEN. 


397 jTHE TIMER BflUD RATE CONSTANT IS SET TO TMO COUNTS LESS TTiAN THE DESIRED 


398 ^NUMBER. 

399 ; 

AOCt • ****<fc*< 










401 i 




0100 

402 

ORG 

0100H 



403 j 




0100 D5 

404 CMD. 

sa 

RBI 

SELECT RBI 

0101 22 

405 

IN 

RiDBB 

READ COMMAND 

0102 f€ 

406 

MOV 

R6,A 

SAVE COMMAND IN R6 

0103 F227 

40? 

JB7 

lOER 

IF BIT 7 SET, 10 OPERATION 

0105 53E0 

408 

RNL 

A,«0E0H 

TEST TOP 3 BITS 

0107 963R 

409 

JNZ 

ERROR 

IF NON-ZERO, ERROR 

0109 C5 

410 

SEL 

R60 

10 FLAG IN R60 

010fl 1221 

411 

J60 

CMD2 

IF BIT 0=1, OUTPUT PORT 

010C 89FF 

412 

ORL 

PLi0FFH 

INPUT PORT, SET Aa HIGH 

010E FB 

413 

MOV 

A,RXSTS 

GET RXSTS 

010F 538F 

414 

ANL 

aiNOT lODIR 

RESET 10 DIRECTION aflG 

0111 RB 

415 

MOV 

RXSTS,A 

RESTORE RXSTS 

0112 D5 

416 CMDl; 

sa 

RBI 

BAUD RATE CONSTANTS IN RBI 

0113 6920 

417 

MOV 

RtlTIMCON 

POINT AT TIMER CONSTANT LOCATION 

0U5 FE 

418 

MOV 

R,R6 

GET COMMAND 

0116 323E 

419 

JBl 

B110 

110 BAUD SELECTED 

0118 5242 

420 

JB2 

6300 

300 BAUD SELECTED 

011fl 7246 

421 

JB3 

B600 

600 BAUD SaEClED 

011C 924fl 

422 

JB4 

B1200 

1200 BAUD SELECTED 

011E B5 

423 

CPL 

FI 

RESET FI 

011F 4414 

424 

JMP 

MNLPl 

DONE, JUMP BACK TO MAIN LOOP 


425 ; 





426 ;PORT IS SELECTED AS OUTPUT PORT 

- SET 10 DIRECTION FLAG 


427 ; 




0121 FB 

428 CI1D2: 

MOV 

flRXSTS 

GET RXSTS 

0122 4340 

429 

ORL 

A,iIODIR 

SET 10 DIRECTION FLAG 

0124 RB 

430 

MOV 

RXSTS,A 

RESTORE RXSTS 

0125 2412 

431 

JMP 

CMDl 

CONTINUE 


432 ; 





433 jHERE KITH EITHER 10 OR RESET ERROR COMRND 


434 ^ 




0127 D231 

435 lOER: 

JB6 

ERRST 

IF BIT 6 SET, RESET ERROR FU«S 

0129 C5 

436 

sa 

RB0 

10 FLAG IN RXSTS 

012R FB 

437 

MOV 

AjRXSTS 

GET RXSTS 

012B 4380 

438 

ORL 

A,*IOFLG 

SET 10 FLAG 

812D RB 

439 

MOV 

RXSTS,A 

RESTORE RXSTS 

012E B5 

440 

CPL 

FI 

RESET FI 

012F 4414 

441 

JMP 

MNLPl 

DONE, JUMP BACK TO MAIN LOOP 


442 ; 





443 jRESET ERROR COMMAND 



444 ; 
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APPENDIX Cl (Continued) 


LOC OBJ 

SEQ SOURCE SYRTEHENT 


0131 C5 

445 EkRST; 

sa 

RB0 

STS IN R68 

0132 FF 

446 

NOV 

flR7 

GET STS 

0133 533F 

447 

ANL 

flIRSTERR 

RESET ERROR FLAGS 

0135 RF 

448 

NOV 

R7.A 

RESTORE STS 

0136 90 

449 

NOV 

STS A 

LOAD STATUS 

0137 85 

450 

CPL 

FI 

RESET FI 

0130 4414 

451 

JHP 

HNLPl 

DONS BACK TO HAIN LOOP 


452 ; 





453 iCOrtWW ERROR 

- SET BOTH FI AND F0 


454 ; 




013A 85 

455 ERROR: 

CLR 

F0 

;SET F0 

013B95 

456 

CPL 

F0 


013C 4414 

457 

Jfff> 

HNLPl 

^OQNL BACK TO HAIN LOOP 


458 ; 





459 ill0 BAUD CONSTANTS 



460 ; 




013E 8954 

461 8110: 

NOV 

R1>#-(174D-2D) 

;LOAD 110 BAUD CONSTANT 

0140 244C 

462 

JHP 

sniHR 

jQO START TIMER 


463 ; 





464 ;388 BAUD CONSTANTS 



465 J 




0142 B9C2 

466 8300: 

NOV 

RLi-(64D-2D) 

.‘LOAD 300 BAUD CONSTANT 

0144 244C 

467 

JHP 

SITIHR 

;GO STARl COUNTER 


468 j 





469 j 600 baud CONSTANTS 



470 ; 




0146 B9E2 

471 8600: 

HOV 

RLi-<32D-2D) 

;L0AD 600 BAUD CONSTANT 

0148 244C 

472 

JHP 

sniHR 

;GO START COUNTER 


473 i 





474 ;1200 BAUD CONSTANTS 



475 ; 




014R B9F2 

476 B1200: 

477 ; 

HOV 

Rl.i-(16D-2D) 

iLOAD 1200 BAUD CONSTANT 


478 iSTART COUNTER 




479 ; 




014C F9 

480 SniHR: 

HOV 

flRl 

GET COUNTER CONSTATfr 

014D 62 

481 

HOV 

LA 

LOAD COUNTER 

014E 45 

482 

STRT 

CNT 

START COUNTER 

014F 25 

483 

EN 

TCNTI 

ENABLE TIMER INTERRUPTS 

0150 85 

484 

CPL 

FI 

RESET FI 

0151 4414 

485 

486 ; 

487 lEJECT 

JHP 

HNLPl 

DONE. BACK TO MAIN LOOP 
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489 ;t t tt ttttttttfttttttttttt^tt************ * ****** * ********** * ********* **** 

490 i 

491 ;OflTfl ROUTINE - GET HERE WITH IBF HRI7E HIIH FI RESET. THIS ROUTINE 

492 ; FIRST TESTS IF THE I/O FLHG IS SET IN THE RXSTS REQISIER. IF SO. THE DftTfl 

493 ; IS FOR THE OUTPUT PORT. OTHERHISL THE OflTfl IS FOR THE TRfWSNITTER AND 

494 ;IS PLflCED IN THE TX BUFFER REGISTER. THE TXINT BIT AND PIN ARE RESET. 

495 j 

496 j i ii H i 1 1 111 i » i >» I i t 11 I II i 1 1 . . . . . . . > n i riNriN iwnnr* 

497 ; 


0153 CS 

498 DATA: 

SEE 

RB0 

DATA HANDLED NOSTLV IN RBB 

0154 FB 

499 

NOV 

A. RXSTS 

GET RXSIS 

0155 F267 

500 

JB7 

lOOATA 

IF 10 FLAG SET. DATA IN FOR I/O 

0157 FF 

501 

NOV 

A.R7 

GET STS 

0158 53DF 

502 

ANL 

A.iHOT TXBIT 

RESET TXINT BIT IN STS 

015A AF 

503 

NOV 

R7.A 

RESTORE STS 

015B 90 

504 

NOV 

STS. A 

LOAD STATUS 

015C 9AF7 

505 

ANL 

P2.IN0T TXINT 

RESET TXINT PIN 

015E 05 

506 

SEL 

RBI 

TXSTS IN RBI 

015F 22 

507 

IN 

A.D6B 

READ DATA 

0160 AC 

508 

NOV 

R4.A 

PUT DATA IN TX BUFFER 

0161 FD 

509 

NOV 

A.TXSTS 

GET IXSTS 

0162 4302 

510 

ORL 

A.iREQFL6 

SET REQUEST FLAG IN TXSTS 

0164 AD 

511 

NOV 

TXSTS.A 

RESTORE IXSTS 

0165 4414 

512 JNP HNLPl 

513 ; 

514 ; 10 DATA ROUTINE 

515 J 

BACK TO NAIN LOOP 

0167 537F 

516 lOOATA: 

ANL 

A.iNOT lOaG 

iRESET 10 FLAG 

0169 AB 

517 

NOV 

RXSTS. A 

i RESTORE RXSTS 

016A 22 

518 

IN 

A.D6B 

;READ 10 DATA FRON DBBIN 

016B 39 

519 

OUTL 

P1.A 

;OmPUT TO PORT 1 

016C 4414 

520 

JNP 

NNLPl 

;DONE. BACK TO NAIN LOOP 


521 ; 

522 lEJECT 
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APPENDIX Cl (Continued) 


LOC OBJ SEQ SOURCE STftTEMENT 

523 i 

524 ; tt t ttttt tt tW 11 11 1 

525 J 

526 i INITIALIZATION - GET HERE AT RESET. THIS ROUTINE RESETS THE INTERRUPT 

527 ;OUTPUTS AND ENABLES THEN, AND CLEARS THE APPROPRIATE STATUS AND DATA 

528 ; REGISTERS. 

529 i 


530 ; 

531 ; 


0200 

532 

ORG 

0200H 



533 ; 




0200 9AF7 

534 INIT: 

ANL 

P2,#0F?H 

jRESEl TXINl PIN 

0202 F5 

535 

EN 

FLAGS 

; ENABLE IN1ERRUPTS OUTPUT 

0203 2300 

536 

MOV 

A,i2ER0 

jCLEAR a 

0205 AB 

537 

MOV 

RXSTS, A 

jaEAR RXSTS 

0206 AD 

538 

MOV 

R5,A 

;CLEAR RX TICK COUNTER 

0207 AF 

539 

MOV 

R7,A 

;CLEAR STS 

0208 D5 

540 

SEL 

RBI 

; SWITCH BANKS 

0209 AE 

541 

MOV 

R6,A 

i CLEAR CONFIGURE STORE 

020A BD04 

542 

MOV 

TXSTS,iMARK 

i SETUP PIPELINED TX DATA 


543 J 


544 

545 j 

546 jMfilN LOOP - IBF AND OBF ARE HANDLED IN THIS LOOP. IF IBF=1, THE 

547 ;APPROPRIATE COMHAND OR DATA ROUTINE IS ACCESSED. IF IBF=0, IHEN OBF 

548 ; IS TESTED. IF OBF=L IBF IS TESTED AGAIN. AS SOON AS OBF=07 RXSTS 

549 ; IS EXAMINED TO SEE IF DATA IS WAITING FOR OUlPUT. WHEN RX DATA 

550 iREADV IS SET, F0 IS SET AND FI IS CLEARED, AND THE DATA IS TRANSFERRED 

551 ;FROM THE RX HOLDING REGISTER INTO DBBOUT AFTER TESTING FOR ERROR 

552 ;FLAGS. ANV ERROR FLAGS SET ARE TRANSFERRED TO THE SIATUS REGISTER. 

553 ; IF THE I/O FLAG IS SET, THE PORT IS READ AND THE DATA TRANSFERRED TO 

554 ;DBBOUT. 

555 i 

557 ; 


020C 

D614 

558 MNLOOP: 

JNIBF 

MNLPl 

, IF IBF=0, TEST OBF 

020E 

7612 

559 

JFl 

CMDJl 

i IBF=1, TEST FI FOR COMMAND 

0210 

2453 

560 

JMP 

DATA 

;F1=0, JUMP TO DATA ROUTINE 

0212 

2400 

561 CMDJl: 

JMP 

CMD 

;OUT-OF-fAGE COMMAND JUMP 

0214 

OOOtr 

562 MNLPl: 

JOBF 

MNLOOP 

;HAIT UNTIL DBBOUT IS FREE 

0216 

C5 

563 

SEL 

RB0 

jRXSTS IN RB0 

0217 

FB 

564 

MOV 

A, RXSTS 

iGET RXSTS 

0218 

721E 

565 

JB3 

RXRDV 

iTEST RX DAIA READV FLAG 

021A 

F23C 

566 

JB7 

lOFLAG 

;TEST 10 FLAG 

021C 

AAOr 

567 

JMP 

MNLOOP 

;LOOP 



568 i 






569 ;RX DATA READV 

- TRANSFER TO DBBOUT 



570 ; 




021E 

85 

571 RXRDV: 

CLR 

F0 

iSET F0 

021F 

95 

572 

CPL 

F0 


0220 

A5 

573 

aR 

FI 

iRESET FI 

0221 

922E 

574 

JB4 

RXF 

jCHECK FRAMING ERROR FLAG 

0223 

FB 

575 RXRDVl: 

MOV 

A, RXSTS 

;GET RXSTS 

0224 

B235 

576 

JB5 

RXO 

jCHECK FOR OVERRUN ERROR 

0226 

FB 

577 RXRDV2: 

MOV 

A, RXSTS 

;GET RXSTS AGAIN 
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APPENDIX Cl (Continued) 


LOG OBJ 

SEQ 

SOURCE STRTEJCNT 





0227 53C7 

578 

ANL 

fliNOT (DATRDV OR FRAHER OR OVRUN) 

;RESET SOHE FLAGS 


0229 AB 

579 

NOV 

RXSTS, A 

RESTORE RXSTS 




022A FC 

580 

HOV 

A, R4 

GET DATA FROH HOLDING REG 



022B 02 

581 

OUT 

D68,A 

PUT IN D680UT 




022C 440C 

582 

JHP 

NNLOOP 

LOOP 





583 j 








584 jFRANING ERROR FLAG SET 






585 i 







022E F 

586 RXF: 

HOV 

aR7 

GET STS 




022F 4340 

587 

ORL 

fLiFESTS 

SET FRAHIN6 ERROR FLAG 



0231 flF 

588 

HOV 

R7,A 

RESTORE STS 




0232 90 

589 

NOV 

SIS, A 

LOAD STATUS 




0233 4423 

590 

JHP 

RXRDVl 

CONTINUE 





591 ; 








592 ^OVERRUN ERROR FLAG SET 






593 ; 







023b F 

594 RXO; 

HOV 

A,R7 

GET SI S 




0236 4380 

595 

ORL 

A,IOVSTS 

SET OVERRUN ERROR FLAG 



0238 F 

596 

HOV 

R7,A 

RESTORE STS 




0239 90 

597 

HOV 

STS,A 

LOAD STATUS 




023A 4426 

598 

JF 

RXRDV2 

CONTINUE 





599 i 








600 j10 FLAG SET 

- TEST DIRECTION 






601 ; 







023C FB 

602 lOFLAG: HOV 

a RXSTS 

GET RXSIS 




023D D20C 

603 

JB6 

HNLOOP 

PORT IS OUlPin - 

NO ACTION 



023F 8b 

604 

CLR 

F0 

RESET FO 




0240 85 

605 

CLR 

FI 

SET FI 




0241 85 

606 

CPL 

FI 





0242 537F 

607 

ANL 

aiNOT lOFLG 

RESET 10 FLAG 




0244 AB 

608 

HOV 

RXSTS, A 

RESTORE RXSTS 




0245 09 

609 

IN 

api 

READ PORT 1 




0246 02 

610 

OUT 

068, A 

;PUT DATA IN DOBOUT 



0247 440C 

611 

JHP 

HNLOOP 

iLOOP 





612 ; 








613 

END 






USER SVNBOLS 








ASCnSK 007F 

8110 013E 

81200 

014A 6300 0142 

8600 0146 

BFaG 0004 

CHD 

0100 

Crf>2 0121 

CNDJl 0212 

DATA 

0153 DATRDV 0008 

ERROR 013A 

ERRST 0131 

FESTS 

0040 

INIT 0200 

INTI 0006 

IODATA0167 lODlR 0040 lOER 8127 

lOFLAG 023C 

loaG 

KfOOO 

HKOUT 0001 

NNLOOP 020C 

HNLPl 

0214 Hour 0019 

OVRUN 0020 

OVSTS 0080 

RCV 

0018 

RCV2 0033 

RCV3 0038 

RCV4 

0042 RCV5 0040 

RCV6 0051 

RCV7 0055 

RCV8 


REQFLG 0002 

RESET 0000 

RETURN em RSTERR 8e3F 

RXF 022E 

RXFLG 0001 

RXINTL 0080 

RXRDV 021E 

RXRDVl 0223 

RXRDV2 0226 RXSTS 0603 

5BIT 0808 

SPACE 06FB 

SPOUl 

0OFE 

SRTFLG 0002 

STPEND 0024 

SniNR 614C TICOUT 8046 

TICSRT 0004 

TINCON 0020 

TIHINT 0007 

TXEND 0828 

TXFG 0001 

TXINT 

0008 TXOUT 0012 

TXSTS 0005 

IXTIC 0003 

XHIT 

0068 

XHT2 0080 

XHT3 0097 

XHT4 

009C XHT5 00A8 

ZERO 0080 





RSSEHBLV CtmETL NO ERRORS 


CNM 0112 
FRfWER 0010 

Hgm/ CKttA 

iwwvx 

RCVl 0026 
RCV9 0064 
RXO 0235 
SRIBIT 00B3 
1XB1T 0020 
Xmi 0081 


All mnemonics copyrighted ® Intel Corporation 1976. 
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APPENDIX C2 


LOC OBJ SEQ SOURCE STRTEHENT 

1 i 

2 ;TEST ROUTINE UHICH OUTPUTS THE ASCII CHARACTER SET TO THE 

3 ;UPI TRANSHITTER AND DISPLAYS ON THE 8B/^ CONSOLE ANV 

4 iCHARACTERS RECEIVED BV TIE UPI RECEIVER. 

5 ; 

6 i INPUTS: NOTHING 

7 ;OUTPUTS: CHARACTERS TO CONSOLE 

8 iCALLS: NOTHING 

9 ; 



10 

ORQ 

AOOOU 

■wwin 


eeoF 

11 N0DE53 

EQU 

0DFH 

8253 CONTROL PORT 

eeoc 

12 CNT0 

EQU 

0DCH 

8253 CNT0 PORT 

eoES 

13 CTD 

EQU 

eE5H 

UPI COHNANDPORT 

BBES 

14 STATUS 

EQU 

0E5H 

UPl STATUS PORT 

0eE4 

15 DBBIN 

EQU 

8E4H 

UPI DBBIN PORT 

eeE4 

16 DBBOUT 

EQU 

0E4H 

UPI DBBOUT PORT 

0820 

17 TXIN7 

EQU 

28H 

TXINT HASK 

WWl 

18 06F 

EQU 

01H 

OBF HASK 

0002 

19 IBF 

EQU 

02H 

IBF HASK 

0eED 

20 STAT51 

EQU 

0EDH 

8251 STATUS HURT 

00EC 

21 DATA51 

EQU 

8ECH 

8251 DATA PORT 


22 TXRDV 

EQU 

OlH 

8251 TXRDV HASK 


23 ; 




4000 3E3E 

24 START: 

NVI 

fl36H 

8253 CNT0 NODE HORD 

4002 D3DF 

25 

OUT 

N0DE53 

8253 CONTROL PORT 

4004 3E10 

26 

HVI 

A.10H 

DIVIDE BV 16D 

4006 D3DC 

27 

OUT 

CNT0 

8253 CNT0 PORT LSB 

4008 3E00 

28 

HVI 

A.00H 


4000 D3DC 

29 

OUT 

CNT0 

8253 CNT0 PORT HSB 

400C 0620 

30 

HVI 

B.28H 

INITIALIZE OUTPUT CHR 

40eE3E10 

31 

HVI 

Alien 

CONFIGURE COmND - 1208 BAUD 

4010 D3E5 

32 

OUT 

CHD 

UPI COHHAND PORT 

4012 DBE5 

33 POLLl: 

IN 

STATUS 

READ UPI STATUS 

4014 E621 

34 

ANI 

TXINTOROBF 

TEST TXINT AND OBF 

4016 CA1240 

35 

J2 

POLLl 

UAIT UNTIL ONE IS SET 

4019 0GE5 

36 

IN 

STATUS 

READ UPI STATUS AGAIN 

401B E601 

37 

ANI 

OBF 

HAS IT OBF? 

401DC23840 

38 

JNZ 

RX 

VESi GO DO RECEIVER 


39 



NOi HUST BE TRANSHITTER 

4020 78 

40 

NOV 

AiB 

GET NEXT CHR FOR OUTPUl 

4021 D3E4 

41 

OUT 

DBBIN 

OUTPUT TO UPI DBBIN 

4023 FE5A 

42 

CPI 

'Z' 

HAS IT LAST CHR? 

4025 CA3340 

43 

JZ 

NEHB 

VESi RESET REa B 

4028 04 

44 

INR 

B 

OTHERHISL INC B 

4029 D6E5 

45 P0LL2: 

IN 

STATUS 

TEST IF IBF STILL SET 

402B E602 

46 

ANI 

IBP 

TEST IBF 

402DC22940 

47 

JNZ 

P0LL2 

HAIT UNTIL IBF^ 

4030 C31240 

48 

JHP 

POLU 

BEFORE LOOKING AT STATUS AGAIN 


49 ; 




4033 0620 

50 NEHB: 

HVI 

Bi28H 

iRESET REa B 

4035 C32940 

51 

JHP 

P0LL2 

;GO BACK 


52 ; 





All mnemonics copyrighted © Intel Corporation 1976. 
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APPENDIX C2 (Continued) 


LX OBJ 

SE6 

SOURCE STATEMENT 


4038 DBE4 

53 RX: 

IN 

DBBOUT 

READ DBBOUT FOR RECEIVED CHR 

403R 4F 

54 

MOV 

CiR 

SAVE IT IN C 

4036 D6ED 

55 RXl: 

IN 

STRT51 

READ 8251 STRTUS 

4030 E601 

56 

ANI 

TXRDV 

TEST TXRDV 

403F CR3B40 

57 

JZ 

RXl 

HRIT UNTIL READY 

4042 79 

58 

NOV 

A.C 

GET CHR 

4043 D3EC 

59 

OUT 

DRTRSl 

OUTPUT CHR TO CONSOLE 

4045 C31240 

60 

61 j 

62 END 

JMP 

POLLl 

X TEST UPI AGAIN 


PUBLIC SYMBOLS 


EXTERNRL SYMBOLS 


USER SYMBOLS 

CMD fl e0E5 CNT0 fl 00OC DflTflSl fl BBEC DBBIN R 0eE4 DBBOUT R BBE4 IBF R 0002 M0DE53 fl 00OF 
NEUB R4033 OBF R 0001 POLU R 4012 P0LL2 R 4029 RX R4038 RXl R4038 SI ART R 4000 
STRT51R00ED STRTUS R OOES TXINT R 0020 TXRI>Y A 0001 


ASSEMBLY COMPLETE NO ERRORS 


All mnemonics copyrighted © Intel Corporation 1976. 
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INTRODUCTION 

The UPI-41 is a low-cost, single-chip microcom¬ 
puter designed to be used as a uhiversal peripheral 
interface device in a microcomputer system. The 
device is based on a completely self-contained 8-bit 
microcomputer with program memory, data mem¬ 
ory, CPU, I/O, event timer, and clock oscillator, in 
a single 40-pin package. A bus interface is included 
which enables the UPI-41 to be used as a peripheral 
controller in MCS-48, MCS-80, MCS-85 and other 
8-bit microcomputer families. The device is de¬ 
signed for keyboard scanning, printer control, dis¬ 
play multiplexing and similar applications which 
involve interfacing peripheral devices to microcom¬ 
puter systems. 

The UPI-41 is fabricated with N-channel MOS tech¬ 
nology and requires only a single 5-volt supply for 
operation. It has IK words of program memory 
and 64 words of data memory on-chip. Both ROM 
(8041) and EPROM (8741) versions are available 
and the two are completely pin compatible. The 
instruction set of the UPI-41 is almost identical to 
that of the MCS-48. A single byte data register on 
the UPI-41 interfaces directly to an 8-bit master 
processor bus to handle asynchronous data transfer 
to and from the master system. A separate 4-bit 
register is used to indicate the status of data trans¬ 
fer. Two 8-bit TTL-compatible I/O ports plus two 
single-bit test inputs are available. I/O can be 
expanded further by using the 8243 I/O expander 
device. A separate register in the UPI-41 is used as 
an event counter or interval timer. 

Because it is a complete microcomputer, the 
UPI-41 provides more power and flexibility than 
conventional LSI interface devices. For instance, 
the UPI-41 can be programmed as a peripheral 
interface for any of the low-cost drum or dot 
matrix printers currently on the market. In addi¬ 
tion to controlling the printer, the UPI-41 can 
handle zero suppression, limit-checking, formatting 
and other computations, thereby unburdening the 
master processor. This type of distributed intelli¬ 
gence, made possible by the UPI-41, greatly en¬ 
hances overall system capability while reducing 
cost and development time. 

This application note describes how the UPI-41 can 
be used to implement an interface to a matrix 
printer. The printer chosen is fairly typical of a 
large class of printers which minimize total system 
cost by reducing the mechanical content at the 
expense of more sophisticated electronic require¬ 
ments. The UPI-41, with its high degree of capabil¬ 


ity, is ideal for this type of application. It is sug¬ 
gested that the reader not already familiar with the 
UPI-41 read the “Intel UPI-41 User’s Manual” 
before proceeding in this document. 

THE LRC PRINTER 

The LRC Model 7040 printer is a matrix printer 
manufactured by LRC Inc. of Riverton, Wyoming. 
Capable of printing up to 40 columns of alpha¬ 
numeric information, this printer is mechanically 
simple and should be ideal for a variety of applica¬ 
tions such as point of sale terminals and data 
logging. While this note concentrates on the Model 
7040 printer, the techniques discussed should be 
applicable to a variety of similar printers which are 
currently available. 

The printer (Figure 1) consists of four major sub- 
assemblies, the frame, the print head, the main 
drive, and the paper handling components. The 
frame is an aluminum extrusion which provides a 
suitable base for mounting the various components 
of the printer. The print head consists of seven 
solenoids which each drive stiff wires to impact the 
paper through the inked ribbon. At the solenoid 
end of the print head these wires are arranged in a 
circular fashion. Where these wires impact the 
printer, however, the wires are arranged in a 
vertical column. To see how this arrangement can 
be used to print alphanumeric characters refer to 
Figure 2. The figure shows a 5 X 7 matrix of 
“dots”. The columns are labeled Cl through C5; 
the rows are labeled as Row 1 through Row 7. 
Each row corresponds to one of the solenoid- 
driven wires. The entire print head assembly is 
moved left to right across the paper so that at Ti it 
is over Cl, at T2 it is over C2, and so on. If the 
correct solenoids are activated at each of these 
times (Ti—T5) then a character can be formed. 
Figure 2 shows the character “A” formed. At T1 
solenoids one through five were active, at T2 sole¬ 
noids four and six were active, and so on until the 
complete character was formed. The complete 
character is formed by choosing the correct pattern 
of active solenoids for each of five instants in time. 

The print head is moved across the paper by the 
main drive. The main drive consists of a 24-pole 
synchronous motor which drives a rotating plastic 
drum. The drum has a spiral groove molded into it. 
A pin attached to the print head rests in this 
groove so that as the drum rotates at a constant 
speed the print head is driven back and forth across 
the paper. Printing is accomplished by controlling 
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the activation of the solenoids as the print head is 
driven from left to right across the paper. When the 
end of the print area occurs the spiral groove 
reverses the direction of the head motion. As the 
left-hand edge of the paper is reached a cam 
attached to the drum activates the HOME micro¬ 
switch and the groove again reverses the motion 
of the head. When the print head is again over the 
print area and travelling in the left to right direc¬ 
tion the microswitch is deactivated. The printer 
controller uses the trailing edge of the signal gener¬ 
ated by the microswitch to initiate the printing of 
a new line of information. 

Paper feed is accomplished by a second synchro¬ 
nous motor which can be activated to feed paper 
through the mechanism. A switch is provided 
which is activated while the actual line feed is 
occurring. The control logic can use the trailing 


edge of the signal generated by this switch to turn 
off the line feed motor. A version of the printer 
with automatic line feed is available. 

INTERFACE SIGNALS 

The interface signals to the printer consists of a 
pair of wires for each solenoid, a pair of wires for 
each motor (main drive and line feed), a pair of 
wires returning the state of the HOME micro¬ 
switch, and a pair of wires returning the state of 
the LINEFEED microswitch. 

The solenoids must be driven from a 40 ±4 volt 
source. The peak current is approximately 3.6A, 
the average current is approximately 0.5A. A 
circuit providing the required drive is shown in 
Figure 3. The output stage, consisting of the 
2N6045 Darlington transistor, the 1N4002 catch¬ 
ing diode, and the 20-ohm damping resistor, is the 


DIMENSIONS 



Figure 1. LRC Model 7040 Printer 
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one suggested by the manufacturer of the printer. 
The input stage is a discrete implementation of a 
DTL gate. Note that the base-emitter junction of 
the 2N6045 will protect the 2N2222A transistor 
from over-voltage on its collector. This circuit has 
several features which are important to the printer 
interface: 

1. All solenoid power (including the power used 
to drive the base of the power transistor) is 
derived from the 40-volt supply. 

2. Disconnecting the drivers from the UPI-41 or 
the loss of the 5-volt supply to the UPI-41 
will result in the solenoids being turned off. 


Cl 

ROW 7 [[[] 

C2 

□ 

C3 

■ 

C4 

□ 

C5 

□ 

ROW 6 

■ 

□ 

■ 

□ 

ROW 6 H 

□ 

□ 

□ 


ROW4 |H 

■ 

■ 

■ 


ROW3 H 

□ 

□ 

□ 


ROW 2 H 

□ 

□ 

□ 


ROW1 H 

□ 

□ 

□ 



Figure 2. 5 x 7 Dot Matrix 


The first feature of the drivers will minimize the 
impact of the printer and its interface on the 5-volt 
supply of the system. The second feature prevents 
the activation of the solenoids erroneously during 
power on/off cycles or during system checkout. 
This is an important point since the solenoids will 
be damaged if left activated continuously. (During 
the debug of the design described in this note 
fuses were added to the solenoid drivers to protect 
them from mishap.) 

The two motors can each be driven as shown in 
Figure 4. The Monsanto MCS-6200 is an optically- 
coupled TRIAC which is ideal for driving the small 
synchronous motors in the printer. Coupled with a 
buffer this part provides a simple means of con¬ 
trolling the motor without sacrificing the isolation 
required for safe and reUable operation. 

Figure 5 shows a UPI-41 used as an interface be¬ 
tween an Intel® 8085 and an LRC Model 7040 
printer. The drivers which have already been 
described have been used to interface the TTL 
outputs of the 8741 to the levels required by the 
printer. The two contact closure outputs from the 
printer (PAPERFEED and HOME) have been 
filtered and applied to the TESTO and TESTl 
inputs of the UPI-41. Bit 5 of output port 2 has 
been designated as an interrupt pin which will be 
used to request service from the 8085. 


•MO 
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TIMING 


eoomt 


The relative timing of the interface signals to the 
printer is shown in Figure 6. Actual printing com¬ 
mences when the main drive switch signal goes into 
the print ready state. This edge indicates that the 
print head is scanning across the paper in the left 
to right direction and that the printer is ready to 
start the actual printing of characters. When this 
edge occurs the UPI-41 must start transmitting 
pulses to each of the seven solenoids. The timing 
for these pulses is shown on the last line of Figure 
6. A pulse of about 400 microseconds is used to 
generate a dot on the paper; a pause of about 900 
microseconds between these pulses satisfies the 
duty cycle restrictions of the solenoids and pro¬ 
vides a space between dots. Since the printer does 
not provide any feedback to the UPI-41 which 
would indicate the position of the print head, it is 
necessary for the UPI-41 to decide when to fire 
each solenoid based on timing information it main¬ 
tains internally. The specifications of the printer 
allow 310 milliseconds for the print head to 
traverse the print area. The maximum repetition 
rate at which the solenoids can be fired is once 
every 1.3 milliseconds. The maximum number of 
dots that can be printed in the available print area 
is then 310/1.3 = 238. After the last dot has been 
printed the line feed motor can be activated. The 
motor should remain activated until the line feed 
switch makes the off to on to off transition; this 
takes about 200 milliseconds. After the line feed 
motor is deactivated the next time of interest is 
when the main drive signal goes to the inactive 
state. At this point the printing of a complete 
line, including the necessary line feed, has been 
accomplished and the UPI-41 must prepare itself 
for the reactivation of the main drive switch. 
The activation of this switch will indicate that the 
printing of the next line can commence. 


SOFTWARE 

The software system necessary to drive the LRC 
printer can be thought of as two main parts, each 
with an associated data structure. A block diagram 
of the system is shown in Figure 7. All the items 
shown above the dotted line are associated with 
the BUFFER MANAGER (BMGR) program part. 
All items shown below the dotted line are associ¬ 
ated with a PRINTER SERVICE ROUTINE (PSR). 


MAIN 
DIRVE MOTOR 
(INPUT) 


MAIN DRIVE 
SWITCH 
(OUTPUT) 


PRINT 

AREA 


PAPER 
FEED MOTOR 
(INPUT) 


PAPER FEED 
SWITCH 
(OUTPUT) 


7040 

•PRINT 

PULSE 

(INPUT) 



•SCALE: 100X 


Figure 6. Printer Timing 



Figure 7. Software Block Diagram 
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The BUFFER MANAGER is responsible for all 
interaction with the master processor (i.e., the 
8085 in Figure 5). The data structure associated 
with BMGR is a 40-character buffer which is used 
to store the characters as they are received from 
the master processor. BMGR maintains two 
pointers which are used to access the buffer; these 
pointers are shown as INPUT POINTER and OUT¬ 
PUT POINTER in the diagram and are imple¬ 
mented as UPI-41 registers Rq and Ri, respectively. 
The input pointer (INPNT) is kept pointing to the 
last character loaded into the buffer, the output 
pointer (OUTPNT) is kept pointing to the next 
character to be printed. BMGR has two major 
interfaces, the INPUT BUFFER, which is used to 
communicate with the master processor, and the 
register shown in the figure as OUTPUT BUFFER. 
This register, which is implemented with register 
R 3 of the UPI-41, is used to communicate with the 
printer service routine (PSR). A character to be 
printed is placed in the output buffer (OBUF). 
When PSR is ready to print the character it moves 
it from OBUF to its own buffer (PBUF) which is 
labeled as PRINT BUFFER in the diagram. After 
the character is moved the output buffer is over¬ 
written by a predetermined value which indicates 
that PSR has accepted the character. BMGR will 
load a character into the output buffer only if it 
currently is equal to this value. 

The printer service routine utilizes the TIMER to 
keep track of the current position of the print 
head. At the appropriate times it causes the sole¬ 
noid drivers to be pulsed so that the character 
stream it sees in PBUF is printed. Based on the 
contents of PBUF and the contents of ICNT, 
which indicates the active column of the current 
character, PSR looks up the appropriate column 
data to be printed in the character generator tables. 
This data is stored in the HAMMER BUFFER until 
the precise time that it should be presented to the 
hammer drivers via the I/O bits in PORT 1. ICNT 
and the HAMMER BUFFER are implemented as 
UPI-41 registers 5 and 7, respectively. 

DETAILS OF THE BUFFER MANAGER 

Before BMGR can be discussed in detail, the man¬ 
ner in which it utilizes the character buffer must 
be understood. Figure 8 shows the operation of the 
buffer while two lines of data are input to the 
UPI-41 and subsequently printed. In order to keep 
the discussion manageable, this figure is drawn as if 
the printer were capable of printing only four 


characters per line. The two lines of characters to 
be printed are: 

ABCD 

1234 



f) I) r) 


Figure 8. Buffer Operation 


It should be noted that the buffer contains 5 bytes, 
one more than the number of print positions. The 
extra byte is a “phantom address” which, when 
pointed to by the output pointer, indicates that 
the section of BMGR which services the printer 
service routine is inactive. This state must be 
allowed because the actual print operation cannot 
begin until the complete line has been input to the 
buffer. If this rule were not enforced, some under- 
run protocol would have to be established to 
handle the situation of the input stream from the 
master processor failing to keep up with the print 
head. 

Figure 8 a shows the buffer in its initial state. The 
input pointer is set to the last real position in the 
buffer and the output pointer is set to the phan¬ 
tom position. Figures 8 b through 8 f show the 
operation of the pointers as the characters “A”, 
“B”, “C”, and “D” are loaded. In each case the 
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input pointer is incremented to point to the next 
available location and then that location is loaded 
with the character. The position of the output 
pointer is not changed until the last position of the 
buffer has been loaded. When this occurs, the out¬ 
put pointer is set to point at the first character of 
the buffer. The operation of the pointers thus far 
can be described by the following algorithm: 

INITIAL: 

INPOINT:=BUFFER_MAX; 

OUTPOINT:«BUFFER_MAX+1; 

LOOP: 

IF CHARACTER_AVAILABLE THEN 
BEGIN 

INPOINT:=(INPOINT+1) MOD BUFFER_LENGTH; 
BUFFER{INPOINT):=CHARACTER; 

IF INPOINT=BUFFER_MAX THEN OUTPOINT:-BUFFER_MIN; 
END; 

GOTO LOOP; 

END; 

Obviously, if this loop were allowed to continue, 
the buffer would be overwritten by the next line of 
text before the first could be printed. This can be 
prevented by modifying the algorithm as follows: 


LOOP: 

IF CHARACTER_AVAILABLE THEN 
BEGIN 

TEMP:=(INPOINT+1) MOD BUFFER_LENGTH; 

IF TEMPOOUTPOINT THEN 
BEGIN 

INPOINT:=TEMP; 

BUFFER(INPOINT):=CHARACTER; 

IF INPOINT=BUFFER_MAX THEN OUTPOINT:=BUFFER_MIN; 
END; 

END; 

GOTO LOOP; 

This modification will “freeze the action” at Fig¬ 
ure 8f until the output pointer is incremented. 
When this occurs the input procedure will immedi¬ 
ately load the input data over the character that 
was just printed (assuming that data is available to 
the procedure at a higher rate than can be printed). 
The defined interface with the printer service rou¬ 
tine allows a character to be removed from the 
buffer and placed in the output buffer whenever 
the output buffer contains the value placed there 
by the PSR, indicating that it has accepted the 
character that was previously in the output buffer. 
If this value is called EMPTY_FLAG then the 
complete buffer handling procedure can be defined 
as follows: 


INITIAL: 

INPOINT:=BUFFER_MAX; 

OUTPOINT:=BUFFER_MAX+1; 

LOOP: 

IF CHARACTER_AVAILABLE THEN 

BEGIN 

TEMP:=(INPOINT+1) MOD BUFFER_LENGTH; 

IF TEMPOOUTPOINT THEN 

BEGIN 

INPOINT:=TEMP; 

BUFFER(INPOINT):«CHARACTER; 

IF INPOINT*BUFFER_MAX THEN 
OUTPOINT:=BUFFER_MIN; 

END; 

IF OUTPUT_BUFFER=EMPTY_FLAG THEN 

BEGIN 

IF OUTPOINT<=BUFFER_MAX THEN 

BEGIN 

OUTPUT_BUFFER:=BUFFER(OUTPOINT); 

OUTPOINT:=OUTPOINT+1; 

END; 

END; 

END; 

GOTO LOOP: 

Examination of Figures 8g through 8r will show 
how this algorithm maintains the buffer. If there is 
an open position and a character is available, it is 
placed in the buffer. When a complete line is in the 
buffer, printing is initialized by setting the output 
pointer to BUFFER_MIN. As the last character of 
a line is printed, the output pointer is incremented 
to point at the “phantom location” until the next 
line is completely entered. It should also be noted 
that if the input stream is faster than the print 
operation, then after the last character of a line is 
printed only one character need be input before 
printing can resume (see Figures 81, m, and n). 
Frame r shows that after all available characters 
have been printed the state of the buffer is the 
same as it is initially. This is obviously a desirable 
feature. 

The flowcharts for the complete BUFFER MANA¬ 
GER are shown in Figures 9a and 9b. The corre¬ 
sponding code can be found starting at label 
BMGR of the program listings (see appendix). The 
flowcharts follow the algorithm that has been dis¬ 
cussed very closely. Some additions have been 
made to implement logic not associated with the 
buffer. The first difference is that when a byte is in 
the input buffer it is tested to determine whether 
it is a command byte or a data character before 
further action is taken. Only two commands are 
recognized; one to set, and one to reset, the in¬ 
ternal interrupt enable flag. This flag, which is 
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implemented as bit zero of PORT2 determines 
whether or not the lJPI-41 will assert an interrupt 
to the master processor when it is able to accept 
a new character. Two additional deviations can be 
noted in Figure 9a; the first is that the motor of 
the printer will be turned on whenever a data 
character is received, the second is that if an end of 
line code (i.e., an ASCII line feed) is received, then, 
instead of storing it in the buffer, a mode is en¬ 
tered which fills the remaining buffer locations 
with space characters. This mode is enabled by bit 
one of PORT2. Note that utilizing otherwise 
unused bits of PORT2 for program status allows 
convenient testing and setting by the software and 
also enables external monitoring of the program 
operation. 



Figure 9a. Buffer Manager Flowchart 


The last addition to the algorithm can be seen in 
Figure 9b where instead of going directly back to 
the start of the program after servicing the printer, 
a test is made to determine if the interrupt to the 
master processor should be asserted. This interrupt 
is set if the enable bit is set and there is also room 
in the buffer for at least one more character. After 
this test, control is passed back to the beginning 
of BMGR. 



Figure 9b. Buffer Manager Flowchart 


PRINTER SERVICE ROUTINES 

The Printer Service Routine must convert the char¬ 
acters given to it by the Buffer Manager into an 
appropriately timed stream of pulses to the sole¬ 
noids. Because the PSR is extremely time- 
dependent, it was implemented as an interrupt- 
driven routine which is given control when the 
timer overflow occurs. This allows exact timing 
of the solenoid firings without requiring software 
delay loops. If the timing had been generated by 
such loops, synchronization would have been lost 
when the delay loops were interrupted in order to 
service the master processor. 
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PCOL: During the PCOL (Print Column) state 

the hammers are energized if the par¬ 
ticular character being printed re¬ 
quires a dot in the corresponding posi¬ 
tion. 

ICHAR: The ICHAR (Inter Character) state is 
active between characters on a given 
line. 

WFON: During the WFON (Wait for Feed On) 
state the system waits for the asser¬ 
tion of the feed pulse from the print¬ 
er. This signal indicates that the 
process of feeding paper is occurring. 

WFOFF: The system remains in the WFOFF 
(Wait for Feed OfO until the feed 
pulse goes inactive. This indicates that 
the required paper feed operation has 
been completed. 


If a hardware design of a controller for the printer 
were being undertaken, a convenient place to start 
would be to generate a state transition diagram 
which shows all the states that can be entered and 
how control can transfer from state to state. This 
hardware design technique is often useful in soft¬ 
ware design and was, in fact, used to develop the 
PSR. The state diagram of the PSR is shown in 
Figure 10. A total of eight states are necessary to 
implement the printer control function. Before 
discussing this diagram further, each of these states 
must be defined. 

WPA: The WPA (Wait for Print Area) state is 

the state in which the system waits for 
the input from the printer which indi¬ 
cates that it is ready to start the actual 
printing of data. 

TPA: During the TPA (Test Print Area) 

state the system digitally filters the 
signal from the printer to ensure that 
contact bounce is not causing an er¬ 
roneous indication that the print area 
has started. 

IPO: Transfer to the IPO (Initialize Print 

Operation) state occurs after the posi¬ 
tioning of the print head over the 
print area has been verified. During 
this state the system initializes itself 
to start printing a line of text. 

ICOL: The ICOL (Inter Column) state is used 

to time the period between the activa¬ 
tion of the hammers. During this state 
the space between the dots of the 
characters is generated. 


The state diagram, in addition to defining the 
allowable states, also defines how state to state 
transitions can be made. The general structure of 
this diagram shows that PSR is initiated by the 
occurrence of the timer overflow interrupt. When 
the interrupt occurs the contents of the HAMDAT 
(HAMmer DATa) register are immediately trans¬ 
ferred to PORTl which causes the hammer sole¬ 
noids to be activated. Each of the eight possible 
states sets data into the register which should be 
output at the next timer overflow occurrence and 
starts the timer operating in a mode which will 
result in the main program (BMGR) being inter¬ 
rupted at the proper time. The following para¬ 
graphs describe the operation of each of the states 



WPA = WAIT FOR PRINT AREA 
TPA s test print area 

IPO = INITIALIZE PRINT OPERATION 
ICOL = INTER COLUMN DELAY 
PCOL = PRINT COLUMN 

ICHAR s INTER CHARACTER DELAY 
WFON s WAIT FOR PAPER FEED ON 
WFOFF = WAIT FOR PAPER FEED OFF 

C01 = 1 

Cio = NOT {PRINT_AREA) 

Cii s (PRINT_AREA)-(FILTER<>0) 
Ci2 = (PRINT_AREA)*(FILTER>4)) 
C 20 = (OBUF-BrTY_FLAG) 

C 23 = (OBUF<>EMPTY_FLAG) 

C 34 = 1 

C 43 = (COL_COUNT<>0) 

C 4 S = (COL_COUNT-O| 

C 53 = (OBUFOEMPTY.FLAG) 

CS 6 = (OBUF-EMPTY_FLAG) 

Cee ^ (PAPERFEEO-KJFF) 

Ce? = (PAPERFEEOON) 

C 70 = (PAPERFEED-ON) 

C77 s (PAPERFEED-OFF) 


Figure 10. Print Control State Transition Diagram 


10-12 


in detail. The flowcharts of the routines can be 
found in Figure 11. 

The WPA, CPA, and IPO states are all associated 
with the detection of the valid start of the print 
area. The WPA state sets the timer in the event 
count mode so that the edge of the print area 
signal can be detected, the CPA state digitally 
filters this input once it has been detected to 
ensure that noise has not caused a false input, and 
finally, the IPO state initializes the system to start 
the actual printing of data. The flowchart shows 
that the WPA state accomphshes the following 
actions: 

1. Turns off the paper feed motor 

2. Sets the filter count (for the CPA state) 

3. Sets H AMD AT to zero 

4. Sets STATE to one. 

The timer is set to event count with an initial value 
of OFFH. This will cause a timer overflow interrupt 
the next time a negative transition occurs on the 
TESTl input. Since this input is tied to the signal 
from the PRINT AREA switch, this interrupt 
should occur when the start of the print area is 
reached. The WPA state sets the STATE register to 
cause the TPA state to be entered when this inter¬ 
rupt occurs. Each time the TPA (Test Print Area) 
state is activated the software checks to ensure that 
the print area switch is in the proper state; if it is 
not, then all the actions of state zero are repeated 
(except turning off the motor), since a false start of 
print area has occurred. If the test reveals that the 
print area switch is in the proper state, then the 
filter count is reduced by one and the timer is 
started with an initial value of OFFH, the minimum 
attainable timer increment. The STATE register is 
set to repeat the TPA state unless the filter count 
has reached zero; when this occurs the IPO state is 
selected. The IPO state, which is responsible for 
the initialization of the actual print operation, first 
tests the output buffer register to determine if 
there is any data for it to print. If this test is unsuc¬ 
cessful the printer main drive motor is turned off, 
the TPA state is reinvoked and the timer is started 
in the event count mode so that it can detect the 
next start of print area. At first glance this seems 
somewhat fruitless since the event required cannot 
happen if the motor is not turning. By referring 
back to Figure 9, however, it can be seen that 
BMGR turns on the motor whenever it has a data 
character from the master computer. The reception 
of a character will always allow the PSR to find the 
next print area. If, when the IPO state makes its 


test, there is data in the output buffer then the 
data is moved to the print buffer and the output 
buffer is set to the empty value. After this is ac¬ 
complished, a counter is set to the number of col¬ 
umns to be printed per character (seven in this case 
— see comment by CGEN label in program listing), 
the STATE register is set to the ICOL state and the 
timer is set to time the intercolumn time. (The 
intercolumn time is the time that elapses between 
each possible column of the character.) Before 
exiting from this state the first column of data for 
the hammbers is generated by the COLUMN rou¬ 
tine and placed in the HAMDAT register. 

The three states already discussed set the printer 
up so that it is ready to print. The next three states 
are repeated sequentially until the entire line of 
data has been printed. The ICOL state is probably 
the simplest of the states. When it is invoked the 
hammers have just been fired by the entry into the 
PSR. All that the ICOL state does is to set the 
timer to time the proper duration of the hammer 
strikes, clear the HAMDAT register, and set the 
STATE register to the PCOL state. The PCOL 
state, only slightly more complicated than the 
ICOL state, first decrements the column count. If 
the end of a character is detected (count equal 
zero), the HAMDAT register is cleared and the 
STATE register is set to invoke the ICHAR state. 
If the end of a character is not detected then the 
COLUMN routine is again used to determine the 
next data to be sent to the hammers and the ICOL 
state is reinvoked. When the ICOL state is active 
two things can happen, depending on whether 
there is more data to print. If there is data in the 
output buffer then a series of actions similar to 
those of the IPO state occur to reinitiaUze the 
printing of a character; if there is no more data in 
the line then the paper feed motor is turned on, 
HAMDAT is cleared, and the STATE register is set 
to the WFON state. The timer is set for approxi¬ 
mately one millisecond so that the state of the 
paper feed switch can be sampled periodically by 
the WFON and WFOFF states. 

The WFON and WFOFF states continue to set the 
timer to the one millisecond sample rate, the 
WFON state reinvokes itself until the paper feed 
switch input is detected and then it invokes the 
WFOFF state. The WFOFF state reinvokes itself 
until the paper feed switch is detected in the off 
state and then invokes the WPA state. The sole 
purpose of the WFON and WFOFF states is to 
ensure that an off to on to off transition occurs on 
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^ ^ ___ tu pniii 

the next line of data. 

CONCLUSION 

The UPI-41 has been shown to be easily capable of 
controlling the LRC matrix printer with no ex¬ 
ternal logic other than drivers and receivers. The 
program listings which implement the algorithms 
discussed are shown in Appendix A. It should be 
noted that no attempt has been made to minimize 
the amount of code in the program; the emphasis 


sigmticantly reduce the amount of code space 
needed, especially in the printer service routine 
which duphcates much code in each STATE. Even 
with this relatively loose coding the printer control 
function, including the complete character tables, 
easily fit within the memory available in the 
UPI-41. The extra room in memory could be used 
to implement such extra features as tabulation, 
printing prestored messages, or even limited 
graphic capabilities. The power and flexibility of 
the UPI-41 make such features easy to implement. 
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Figure 11. PSR Flowchart 































******<f *************************************************************** 


0000 

0000 1416 
0002 3479 
0004 25 
0005 2400 


START OF PROGRAM 

********************************************************************* 


ORG 00H 

RESET; CALL CASE0 

CALL INIT 

EN TCNTI 

JMP BMGR 


INITIALIZE; 
INITIALIZE AND GO TO 
BMGR 


; CODE MUST END AT LOC 6 


**********************************************************************11 

START OF INTERRUPT DRIVEN STATE MACHINE 
*****************************************************.*****************:» 




105 


. 

0007 

2F 

106 TISR: 

XCH 

A,HAMDAT 

0008 

37 

107 

CPL 

A 

0009 

39 

108 

OUTL 

P1,A 

000A 

FE 

109 

MOV 

A,STATE 

000B 

030E 

110 

ADD 

A.tCBASE 

000D 

B3 

111 

JMPP 

eA 

000E 

16 

112 CBASE; 

DB 

CASE0 

000F 

24 

113 

DB 

CASEl 

0010 

40 

114 

DB 

CASE2 

0011 

61 

115 

DB 

CASE3 

0012 

6B 

116 

DB 

CASE4 

0013 

7D 

117 

DB 

CASE5 

0014 

9E 

118 

DB 

CASE6 

0015 

A£ 

119 

DB 

CASE7 


HAMMERS=HAMMER$DAT; 
DO CASE STATE; 


0016 8A80 
0018 BE01 
001A BD04 
001C 23FF 
001E 62 
001F 45 
0020 2300 
0022 2F 
0023 93 


P2.#(NOT PFE 

stMe.#i 

ICNT.lFILTV 

A,#-l 

T,A 

CNT 

A,#0 

A,HAMDAT 


DO; /*CASE 0 , FEEDING LINE */ 
PAPER$FEED=OFF; 

STAI*E*1; 

ICNT=FILTV 

WAIT (PRINT$AREA); 

HAMM^DATA=0; 

END; /* END OF CASE 0 */ 


DO; /* CASEl,TESTING FOR PRINT AREA */ 
IF T0=1 THEN 
DO; 

STATB=1; 

ICNT=FILTV; 

HAMM^DATA=^0; 

END; 


0024 4632 

150 CASEl; 

JNTl 

C1EI5 

0026 BE01 

151 

MOV 

STATE 

0028 BD04 

152 

MOV 

ICNT. 

002A 23FF 

153 

MOV 

A,#-i 

002C 62 

154 

MOV 

T,A 

002D 55 

155 

STRT 

T 

002E 2300 

156 

MOV 

A.#0 

0030 043E 

157 

JMP 

cIend 
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IOC OBJ 


SOURCE STATEMENT 


0032 BE02 
0034 ED38 
0036 BE01 
0038 23FF 
003A 62 
003B 55 
003C 2300 

003E 2F 
003F 93 


158 

159 

160 
161 
162 

163 

164 CIELS: 

165 

166 

167 CILA: 

168 

169 

170 

171 

172 CIEND; 

173 

174 


STATE,#2 
ICNT,C1LA 
STATE,#1 

T 

A,#0 

a^hamdat' 


ELSE DO; 

ICNT=ICNT-1; 

IF ICNT=0 THEN STATE=2 ELSE STATE*1; 
TIME(-l); 

HAMM£R$DATA=0; 

END; 


END; /*END OF CASEl */ 


0040 FB 

186 CASE2: 

MOV 

0041 D3FF 

187 

XRL 

0043 C655 

188 

JZ 

0045 23FD 

189 

MOV 

0047 62 

190 

MOV 

0048 55 

191 

strt 

0049 FB 

192 

MOV 

004A AC 

193 

MOV 

004B BBFF 

194 

MOV 

004D BD07 

195 

MOV 

004F BE03 

196 

MOV 

0051 54E0 

197 

CALL 

0053 045F 

198 

JMP 


0061 23FE 
0063 62 
0064 55 
0065 2300 
0067 BE04 
0069 2F 
006A 93 


A,OBUF 

AjrtEMTFLG 

C2ELS 

A,#THOFF 

T,A 

T 

A.OBUF 

PBUF,A 

(BUF,#EMTFLG 

ICNT,#IMAX 

STATE,#3 

COLUMN 

C2END 


DO; /*CASE 2, INITIALIZE PRINT OPERATION */ 
IF OBUF<>EMPTY$FLAG TfW 
DO; 

TIME(HAMMER$OFF); 

PBUF=OBl^- 

OBUF*EMMY$FLAG; 

I=IMAX: 

HAMMER$^TAK:0LUMN (PBUF , I ); 

END; 


0055 

BE01 

205 C2EIS: 

MOV 

STATE,#1 


0057 

23FF 

206 

MOV 

A,#-l 


0059 

62 

207 

MOV 

T,A 


005A 

45 

208 

STRT 

CNT 


005B 

8A40 

209 

ORL 

P2.#NOT MOTON 

005D 

2300 

210 

MOV 

A,#0 




211 



END; 

005F 

2F 

212 C2END; 

XCH 

A,HAMDAT 


0060 

93 

213 

RETR 





214 






215 



DO; 


ELSE DO; 

STATE«1; 

WAIT (PRINT$AREA); 

MOTO^CFF; 

HAMMER$DATA^0; 


END; /*END OF CASE 2 */ 


216 

217 

218 

219 

220 CASE3: 

221 
222 

223 

224 

225 

226 
227 $ 


A,#TBON 

T,A 

T 

STATE.#4 
A,HAMDAT 


DO; /*CASE 3, HAMMER OFF CYCLE */ 
TIME (HAMMER$ON); 


HAMM^DATA=0; 

state*4■ 

END; /*ENd'0F CASE 3 */ 


All mnemonics copyrighted © Intel Corporation 1976. 







LCX: OBG 


SCXJRCE STATEMEOT 


006B 23FO 
006D 62 
006E 55 


006F ED77 
0071 BE05 
0073 2300 
0075 047B 


0077 BE03 
0079 54E0 


007B 2F 
007C 93 


0080 55 


0081 FB 
0082 D3FF 
0084 C692 
0086 FB 
0087 AC 
0088 BBFF 
008A BD07 
008C BE03 
008E 54E0 
0090 049C 


0092 23FA 
0094 62 
0095 55 
0096 9A7F 
0098 BE06 
009A 2300 

009C 2F 
0090 93 


228 

229 

2|0 CASE4: 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 C4ELS: 

248 

249 

250 C4END: 

251 

252 

253 

||4 CASE5; 

256 

257 

258 

259 

260 
261 
262 

263 

264 

265 

m 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 C5ELS: 

282 


A,|THC»‘F 


ICNT,C4Ef£ 

STATE,#5 


SaATE,#3 

COLUMN 


\,^TINTEfe 


A,OBUF 

A,#EMTFLG 

cSels 

A.OBUF 

PBUF,A 

OBUFrjfEMTFLG 

ICNT,#IMAX 

STATE,#3 

COLUMN 

C5END 


a,#tlfee6 

T,A 

P2,#PFEED 
STATE,#6 
A,#0 

A,HAMnAT' 


DO; /*CASE 4,PRINTING COL I OF CHAR */ 
TIME (HAMMER$OFF) ; 


1 = 1 - 1 ; 

IF 1=0 THEN 
DO; 

STATE=5; 

HAMMER$DATA=0; 

END 


.TA=COLUMN(PBUF,I); 


END; /* END OF CASE 4 */ 


DO; /*CASE 5, INTERCHARACTER SPACE */ 
TIMEdNTE^CHAR); 


IF OBUF<>EMPTY$FIAG THEN 
DO; 

PBUF=OBUF: 

OBUF=EMm$FLAG; 

I=IMAX: 

state=3; 

HAMMER$DATA=COLUMN(PBUF,I) ; 
END; 


ELSE DO; 

TIME?I^^FEED) 

PAPER$FEEI^; 

STAT^i 

HAMMER$DATA=0; 

END; 


END; /* END OF CASE 5*/ 
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LOC OBJ 


SOURCE STATEMENT 


009E 23FA 
00A0 62 
00A1 55 
00A2 26A8 
00A4 BE07 
00A6 04AA 


00AA 2300 
00AC 2F 
00AO 93 


00AE 23FA 
00B0 62 
00B1 55 
00B2 36B8 
00B4 BE00 
00B6 04BA 


00B8 BE07 
00BA 2300 
00BC 2F 
00BD 93 


298 CASE6: MOV 

299 MOV 

300 STFT 

301 JNT0 

302 MOV 

303 JMP 

304 

305 

306 

307 C6ELS: MOV 

308 

309 

310 C6END: MOV 

311 XCH 

312 RETR 

313 

m 

316 

317 

318 

319 

320 CASE7: MOV 

321 MOV 

322 STRT 

323 JT0 

324 MOV 

325 JMP 


C7ELS; MOV 
C7END: MOV 
XCH 
RETR 


A,|TLFEB 

t' 

C6ELS 
STATE,#7 
C6END 


STATE,#6 


A,#0 

A,HAMDAT 


a,#tlfee6 

T,A 

T 

C7ELS 
STATE,#0 
C7END 


STATE,#7 
A,#0 

A,HAMDAT 


DO; /*CASE 6,WAITING FOR FEED ON V 
TIME (LINE$FEED) ; 

IF P^l THEN 
DO; 

STATE=7; 

END; 


ELSE DO; 

STAT&=6; 

END; 

HAMMER$DATA=0; 

END; /*END OF CASE 6 */ 


WAITING FOR FEED OFF */ 


DO; 

STATE=0; 

END; 


ELSE DO; 

STATE=7; 

END; 

HAMMER$DATA=0; 

END; /*END OF C^E 7 */ 


END; /* END OF CASE BLOCK */ 


.************************************************************************ 


; THIS SEGMENT CONTROLS TOE HANDSHAKING BEIWEEN THE 
; CONTROLLER AND THE MASTER PROCESSOR. 

C************************************************************************ 


; /BMGR-BUFFER MANAGER*/ 


0100 

361 

362 

ORG 

100H 

0100 D647 

363 

364 BMGR: 

JNIBF 

BBPKt 

0102 7636 

365 

JFl 

BBCMD 

0104 9ABF 

366 

ANL 

P2,#M0T0N 

0106 F8 

367 

MOV 

A,INPNT 

0107 3470 

368 

CALL 

INCQPT 


IF IBF=FULL THEN 
DO; 

IF TYPE=DATA TOEN 
DO; 

MOTOR=ON; 

TEMP=INCQPT(INPNT) ; 


AM mnemonics copyrighted ® Intel Corporation 1976. 
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SOUFCE SIATEMENT 


0109 D9 
010A C647 
010C D9 
010D A8 
010E 0A 
010F 3216 

iloF 

0114 2418 
0116 2320 

iill m 

011C 8A02 
011E 2428 
0120 D30A 
0122 D228 
0124 B228 
0126 2321 
0128 533F 
012A A0 
012B F8 
012C D33F 
012E 9647 
0130 9AFD 
0132 B918 
0134 2447 


0136 22 
0137 9ADF 
0139 5303 
013B 323F 
013D 2447 
013F 1245 
0141 9AFE 
0143 2447 
0145 8A01 


381 

382 

383 

384 

385 

386 

387 

388 

389 

390 

391 

392 

393 

394 BBLl: 

395 

396 

397 

398 

399 

400 

401 

402 

403 FILL; 

404 BBLIA; 

405 

406 

407 

408 BBLIB: 

409 

410 

411 

412 BBLIC; 

413 

414 

415 

416 

417 

418 

419 

m 

422 

423 

424 

425 

426 BBCMD: 

427 

428 

429 

430 

431 BBL2: 

432 

433 

434 BBL3: 

435 $ 


IF TEMP<XXn:$POINT THEN 

iN$POINT=TEMP; 

IF FILL$MCX}EM^ THEN 
DO; 

TEMP=SPACE; 

ELSE DO; 

TEMP=INPUT$BUFFER; 

INTERRUPTOFF; 

END; 

IF TEMP^EOL THEN 
DO; 

FILL$MODEK»j; 

TaiP=SPACE; 

END; 

IF 1emp=cx)ntrdl$code then TEMP=' 
BUFFER (IN$FOINTl=TEMP AND 03FH; 
IF IN$POINT*BUFFER$MAX THEN 
DO; 

FILL$MOD&=OFF; 

OUT$POINT=BUFFER$MIN; 

END; 

END; 


A,ouTmr 

BBPRI' 

A,OUTPNT 

INPNT,A 

A,P2 

FILL 

pi^Nai‘(EXRBQ) 


A,#EOL 

b6lic 

BBLIC 

A,#EXCLAIM 

A,#03FH 

ei^NT,A 

A,INPUT 

A,#BMAX 

^RT 

P2,»N0T FMQDE 

OUaTNT,#BMIN 

BHPRT 


EI5E DO; ^TYPE IS COMMAND*/ 
IMra»fejFrK)FF; 

IF (PORT0 AND 3) =2 THEN INTENAOFF^ 
IF(POBT0 AND 3) =3 THEN INTENA*ON; 


A.DBB 

P2^^N0T(EXRBQ) 

RW.P 

BBPRT 

RRT.3 

P2,#N0T INTENA 

B^RT 

P2,#INTENA 


All mnemonics copyrighted ® Intel Corporation 1976. 
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UOC OBJ 


SOURCE STATEMEOT 


0147 FB 

014C F9 
014D D318 
014F 9658 
0151 FE 
0152 03FD 
0154 F258 
0156 245E 
0158 F9 
0159 D25E 
015B FI 
015C AB 
015D 19 


015E F8 
015F 3470 
0161 D9 
0162 C600 

0164 0A 

m E,0 

0168 326C 
016A 2400 


0170 0301 
0172 D275 
0174 83 

0178 83 


0179 BBFF 
017B B940 
017D B83F 
017F 23F0 

0183 83 


0 

1 

2 

3 

4 

5 BBPRT: 


9 
0 
1 
2 

3 

4 

5 

6 

7 

8 BIOT: 

9 
0 
1 

2 BIOTA: 

3 

4 

5 

6 
77 

SETIOT: 

80 

481 

482 

483 

484 

485 

486 

487 

488 

489 

490 

491 

492 INCQPT: 

493 

494 

495 ADJUST: 

497 

498 

499 

500 

501 

502 

503 

504 

505 

506 

507 

508 

509 

510 

511 INIT: 

512 

513 

514 

iii 

517 

518 

519 

520 

521 

522 

523 

524 $ 


IF OBUF=EMPrY$FLAG AND (OUT$POINT<>BMIN OR STATE‘ 

DOi 

IF OUT$IOINT<=BUFFER$MAX THEN 
DO; 

OBUF»BIN(OU:KIOINT); 

OUT$POIM^OUT$POINrf 1; 

END; 

END; 


A,CBUF 

A,#EMTFLG 

BIOT 

A,OUTPNT 

A,#QFIMIN 

BBPm 

A, STATE 

A,#-3 

^RTA 

BIOT 

A,OUTPNT 

BIOT 

A,@OUTEOT 

OBUF.A 

OUTPNT 


A,INFNT 

INCQPT 

A.OUTPNT 

BH^ 




TEMP=INCQPT(INPNT); 

IF TEMP<>OUT$POIOT THEN 
DO; 

IF INTENAK^ AND FMODEOFF THEN INTERRUPTION; 
END; 

END; 


A.#l 

AD^ST 

A,#QPTMIN 

C 


PROCEDURE INCQPT(A,CARRY); 

DO; 

A=A MOD BUFFER LENGTH+BUFFER MIN; 
IF A=BUFFER MIN THEN CARRY=lT 
END; 


PROCEDURE INIT; 

OBUF=EMPrY$FLAG; 

OUT$POINT*=BUFFER$MAXH 

IN$POINT=BUFFER$MAX; 

MOTORfOFF; 

PAPER$FEEI)=OFF; 


FILL$MDDE=OFF; 

IN®RUPT$MASK=OFF; 


; END; 

OBUF.iEMTFLG 
OUTPNT.#BMAX+1 

inpnt.Ibmax 

A.#0F0H 

P2.A 

A,DBB 


BUS$BUFFER?=0 ; 


All mnemonics copyrighted © Intel Corporation 1976. 
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LCC OBJ 


SOURCE STATEMENT 


********************************************************************** 

COLUMN IS CALLED WITH ICNT EQL TO THE CURRENT COLUMN NUMBER 
AND PBUFF BUL TO THE CHARACT^ TO BE CONVERTED. 

COLUMN REKJRNS IHE APPROPRIATE COLUMN OF DATA FROM THE 
CHARACTER GENERATER TABLE. COLUMN IS LOCATED IN PAGE 2 
FOLLOWING THE FIRST HALF OF THE TABLE. 

********************************************************************** 


SiSli 

551 COLUMN: 

MOV 

AjPBUF 

552 

CLR 

02E2 B2E5 

553 

JB5 

NOSET 

02E4 95 

554 

CPL 

F0 

02E5 531F 

555 NOSET; 

ANL 

A,#01FH 

02E7 AC 

556 

MOV 

PBUF,A 

02E8 E7 

557 

RL 

A 

02E9 E7 

558 

RL 

A 

02EA E7 

559 

RL 

A 

02EB 37 

560 

CPL 

A 

02EC 6C 

561 

ADD 

A,PBUF 

02ED 6D 

562 

ADD 

A,ICNT 

02EE 37 

563 

CPL 

A 

02EF 0307 

564 

ADD 

A, #7 

02F1 B6F9 

565 

JF0 

pAg2 

02F3 E3 

566 

MOVP3 

A,eA 

02F4 2C 

567 

XCH 

ArPBUF 

02F5 4320 

568 

ORL 

A,#20H 

02F7 2C 

569 

XCH 

A,PBUF 

02F8 83 

02F9 A3 

570 

571 PAG2; 

RET 

MOVP 

A,@A 

02FA 83 

572 

RET 


PROCEDURE COLUMN (PRINT$BUFFER, ICNT) ; 
DO; 

FIAG0=NOT PRINT$BUFFER[5] ; 
PRINTSBUFFER [51=0; 

TEMP=>]PBUF+1) -IQJT 
IF FLAG0OFF THEN 
DO; 

TEMP=MP3(TEMP) ; 
PRINT$BUFFER[5J=1; 

END; 

ELSE DO; 

TEMP=MP2(TEMP); 

END; 

END; 


.*****************************************************★**************** 

f 

7 CHARACTER GENERATER TABLES. 

; THE FIRST HALF OF THESE TABLES IS IN PAGE 2. FOLLOWING THIS HALF 
; IS THE COLUMN SUBROUTINE. THE SECOND HALF OF THE TABLE IS 
; IN PAGE 3. THE PLACEMENT OF THESE TABLES IS TO TAKE 
; ADVANTAGE OF THE MCS-41 MOVP AND MOVP3 INSTRUCTIONS. 

; THE CHARACTERS ARE FORMED BY A SEVEN BY SEVEN MATRIX 
; OF DOTS. EACH DOT POSITION CORRESPONDS 
; TO ONE HALF THE NORMAL DOT SPACING OF THE LRC PRINTER. 

; TO PREVENT EXCEEDING THE ’’BANDWIETH" OF IHE SOLENOIDS 
; THE CHARACTERS ARE FORMED SO THAT THE SAME SOLENOID IS 
; NOT ENERGIZED TWICE IN SUCCESSION. CONSTRUCTING THE 
; TABLE IN THIS MANNER ALLOWS THE FORMATION OF A CHARACTER IN ONLY 
; 4 PRINT COLUMNS SINCE THREE OF THE DOTS WILL APPEAR BETWEEN 
; NORMAL COLUMN POSITIONS. 

7 THE COMMENT FIELD OF THE TABLE SHOWS THE BIT PATTERN OF THE 
; CHARACTERS. THE SPACING OF THE PRINTER CHARACTERS CAUSES 
; DISTORTION OF THE CHARACTERS BUT THE PATTERN IS STILL DISCERNABLE. 

7 

i*********************************************************************** 
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LOG OBJ 

SEQ 

SOURCE STATEMENT 




601 





0200 

602 

ORG 

200H 




603 






604 





0200 0C 

605 

IB 

0CH 

** 

; (AT) 

0201 22 

606 

OB 

22H 

* * 

0202 41 

607 

OB 

41H 

* * 


0203 58 

608 

OB 

58H 

** * 


0204 01 

609 

OB 

01H 

* 


0205 48 

610 

OB 

48H 

* * 


0206 00 

611 

OB 

00H 




612 





0207 0F 

613 

OB 

0FH 

★*** 

; [A] 

0208 10 

614 

OB 

10H 

* 

0209 24 

615 

OB 

24H 

* * 


020A 40 

616 

OB 

40H 

* 


020B 24 

617 

OB 

24H 

* * 


020C 10 

618 

OB 

10H 

* 


020D 0F 

619 

OB 

0FH 

**** 



620 






621 





020E 7F 

622 

OB 

7FH 

******* 

; [B] 

020F 00 

623 

OB 

00H 


0210 49 

624 

OB 

49H 

* * * 


0211 00 

625 

IB 

00H 



0212 08 

626 

IB 

08H 

* 


0213 55 

627 

OB 

55H 

* * * * 


0214 22 

628 

OB 

22H 

* * 



629 





0215 3E 

630 

OB 

3EH 

***** 

; [C] 

0216 41 

631 

OB 

41H 

* * 

m sf 

Ul 

OB 

OB 

m 

* * 


0219 00 

634 

OB 

00H 



021A 41 

635 

IB 

41H 

* * 


021B 22 

636 

OB 

22H 

* * 



637 





021C 7F 

638 

OB 

7FH 

******* 

! ID] 

0210 00 

639 

OB 

00H 



640 

OB 

41H 

* * 


641 

OB 

00H 



0220 00 

642 

OB 

00H 



0221 41 

643 

OB 

41H 

* * 


0222 3£ 

644 

OB 

3EH 

***** 



645 





0223 IF 

646 

OB 

7FH 

******* 

1 [EJ 

0224 00 

647 

OB 

00H 


0225 49 

648 

OB 

49H 

* * * 


0226 00 

649 

OB 

00H 



0227 49 

650 

OB 

49H 

* * * 


0228 00 

651 

OB 

00H 



0229 41 

652 

OB 

41H 

* * 



653 





022A 7F 

654 

OB 

7FH 

******* 

} IF] 

022B 00 

655 

OB 

00H 


022C 48 

656 

OB 

48H 

* * 


0220 00 

657 

OB 

00H 



022E 48 

658 

OB 

48H 

* * 


022F 00 

659 

OB 

00H 



0230 40 

660 

OB 

40H 

* 



661 





0231 3E 

662 

OB 

3EH 

***** 

; IG] 

0232 41 

663 

OB 

41H 

* * 

0233 00 

664 

OB 

00H 



0234 41 

665 

OB 

41H 

* * 


0235 04 

666 

OB 

04H 

* 


0236 41 

667 

OB 

41H 

* * 


0237 26 

668 

OB 

26H 

** * 



669 

670 $ 

EJECT 
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I0ZJA PO 

023B 00 

673 

674 

DB 

DB 

08H 

00H 

* 

023C 08 

675 

DB 

08H 

* 

023D 00 

676 

DB 

00H 


023E 7F 

677 

DB 

7FH 

******* 


678 




023F 00 

679 

DB 

00H 


0240 41 

680 

DB 

41H 

* * 

0241 00 

681 

DB 

00H 


0242 7F 

682 

DB 

7FH 

******* 

0243 00 

683 

DB 

00H 


0244 41 

684 

DB 

41H 

* * 

0245 00 

685 

DB 

00H 



686 




0246 02 

687 


02H 

* 

0247 01 

688 

DB 

01H 

* 

0248 00 

689 

DB 

00H 


0249 01 

690 

DB 

01H 

* 

024A 00 

691 

DB 

00H 


024B 01 

692 

DB 

01H 

* 

024C 7E 

693 

DB 

7EH 

****** 


694 




024D 7F 

695 

DB 

7FH 

******* 

024E 00 

696 

DB 

00H 


024F 04 

697 

DB 

04H 

* 

0250 14 

698 

DB 

14H 

* * 

0251 22 

699 

DB 

22H 

* * 

0252 41 

700 

DB 

41H 

* * 

0253 00 

701 

DB 

00H 



702 




0254 7F 

703 

DB 

7FH 

******* 

0255 00 

704 

DB 

00H 


0256 01 

705 

DB 

01H 

* 

0257 00 

706 

DB 

00H 


0258 01 

707 

DB 

01H 

* 

0259 00 

708 

DB 

00H 


025A 01 

709 

DB 

01H 

* 


710 




025B 7F 

711 

DB 

7FH 

******* 

025C 40 

712 

DB 

40H 

* 

025D 20 

025E 18 


DB 

DB 


* 

** 

025F 20 

715 

DB 

20H 

* 

0260 40 

716 

DB 

40H 

* 

0261 3F 

717 

DB 

3FH 

****** 


718 





719 




0262 7F 

720 

DB 

7FH 

******* 

0263 20 

721 

DB 

20H 

* 

0264 10 

722 

IB 

10H 

* 

0265 08 

723 

DB 

08H 

* 

0266 04 

724 

DB 

04H 

* 

0267 00 

725 

DB 

00H 


0268 7F 

726 

DB 

7FH 

******* 


727 




0269 3E 

728 

DB 

3EH 

***** 

026A 41 

729 

DB 

41H 

* * 

026B 00 

730 

DB 

SSH 


026C 41 

731 

DB 

* * 

026D 00 

732 

DB 

00H 


026E 41 

733 

DB 

41H 

* * 

026F 3E 

734 

DB 

3EH 

***** 


735 




0270 37 

736 

DB 

37H 

*** ** 

0271 00 

737 

DB 

00H 


0272 48 

738 

DB 

48H 

* * 

0273 00 

739 

DB 

00H 


0274 00 

740 

DB 

00H 


0275 48 

741 

DB 

48H 

* * 

0276 30 

742 

DB 

30H 

** 


743 




0277 3E 

744 

DB 

3EH 

***** 

0278 41 

745 

DB 

41H 

* * 

0279 00 

746 

DB 

00H 


027A 40 

747 

DB 

40H 

* 

027B 05 

748 

DB 

05H 

* * 

027C 42 

749 

IB 

42H 

* * 

027D 3D 

750 

DB 

3DH 

* **** 


; [IJ 


; [ 0 ] 


; [K] 


; IL] 


; [M] 


; IN] 


? 10 ] 


; [P] 


; IQ] 
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LOC OBJ 

SEQ 

SOURCE 

STATEMENT 




751 





027E 7F 

752 

DB 

7PH 

******* 

; [R] 

027F 00 

753 

DB 



0280 48 

754 

OB 

48H / 

* * 


0281 00 

755 

DB 

00H ; 



0282 04 

756 

DB 

04H ; 

* 


0283 4A 

757 

DB 

4AH 

* * * 


0284 31 

758 

DB 

31H 

* ** 



759 





0285 32 

760 

DB 

32H 

* ** 

; [S] 

0286 49 

761 

DB 

49H ; 

* * * 

0287 00 

762 

DB 

00H 



0288 49 

763 

DB 

49H 

* * * 


0289 00 

764 

DB 

00H 



028A 49 

765 

DB 

49H ; 

* * * 


028B 26 

766 

DB 

26H 

** * 



767 






768 





028C 40 

769 

DB 

40H 

* 

; ITJ 

028D 00 

770 

DB 

00H 



771 

£S 

40H 

* 


028F 3F 

772 

DB 

3FH ; 

****** 


0290 40 

773 

DB 

40H 

* 


0291 00 

774 

DB 

00H 



0292 40 

775 

DB 

40H 

* 



776 





0293 7C 

777 

DB 

7CH 

***** 

» tuj 

0294 02 

778 

DB 

02H 

* 

0295 01 

779 

DB 

01H 

* 


0296 00 

780 

DB 

00H ; 



0297 01 

781 

DB 

01H 

* 


0298 02 

782 

DB 

02H 

* 


0299 7C 

783 

DB 

7CH • 

***** 



784 





029A 78 

785 

DB 

78H 

**** 

; IV) 

029B 04 

786 

DB 

04H 

* 

029C 02 

787 

DB 

02H 

* 


029D 01 

788 

DB 

01H 

* 


029E 02 

789 

DB 

02H 

* 


029F 04 

790 


04H ; 

* 


02A0 78 

791 

DB 

78H ; 

**** 



792 





02A1 7E 

793 

DB 

7EH 

****** 

s IW) 

02A2 01 

794 

IB 

01H 

* 

02A3 02 

795 

DB 

02H ; 

* 


02A4 0C 

796 

DB 

0CH ; 

** 


02A5 02 

797 

DB 

02H 

* 


02A6 01 

798 

DB 

01H 

* 


02A7 7E 

799 

DB 

7EH ; 

****** 



800 





02A8 41 

801 

DB 

41H ; 

* * 

; [X] 

02A9 22 

802 

DB 

22H 

* * 

02AA 14 

803 

DB 

14H 

* * 


02AB 08 

804 

DB 

08H 

* 


02AC 14 

805 

IB 

14H 

* * 


02AD 22 

806 

DB 

22H 

* * 


02AE 41 

807 

IB 

41H 

* * 



808 





02AF 40 

809 

DB 

40H ; 

* 

; lY) 

02B0 20 

810 

IB 

20H 

* 

02B1 10 

811 

DB 

10H ; 

* 


02B2 0F 

812 

DB 

0FH ; 

**** 


02B3 10 

813 

DB 

10H ; 

* 


02B4 20 

814 

DB 

20H ; 

* 


02B5 40 

815 

DB 

40H 

* 



816 

817 $ 

EJECT 
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LCX: OBJ 

SEQ 

SOURCE 

STATEMEin' 



02B6 41 

818 

DB 

41H 

* * 

; [z] 

02B7 02 

819 

DB 

02H 

* 


02B8 45 

820 

DB 

45H 

* * * 


02B9 08 

821 

DB 

08H 

* 


02BA 51 

822 

DB 

51H 

* * * 


02BB 20 

823 

DB 

20H 

* 


02BC 41 

824 

DB 

41H 

* * 



825 




; [[] 

02BD 7F 

826 

DB 

7FH 

******* 

02BE 00 

827 

DB 

00H 


02BF 41 

828 

DB 

41H 

* * 


02C0 00 

829 

DB 

00H 



02C1 41 

830 

DB 

41H 

* * ' 


02C2 00 

831 

DB 

00H 



02C3 41 

832 

IB 

41H 

* * 



833 




? [\] 

02C4 40 

834 

DB 

40H 

* 

02C5 20 

835 

IB 

20H 

* 

mil 

m 

DB 

DB 

m 

* 

* 


02C8 04 

838 

DB 

04H 

* 


02C9 02 

839 

DB 

02H 

* 


02C:A 01 

m 

842 

DB 

01H 

* 


02CB 41 

DB 

41H 

* * 

; []] 

02CC 00 

843 

DB 

00H 


02CD 41 

844 

DB 


* * 


02CE 00 

845 

DB 

00H 



02CF 41 

846 

IB 

41H 

* * 


02D0 00 

847 

DB 

00H 



02D1 7F 

848 

DB 

7FH 

******* 



849 





02D2 00 

850 

DB 

00H 


; [UAJ 

02D3 04 

851 

DB 

04H 

* 


02D4 08 

852 

DB 

08H 

* 


02D5 10 

853 

DB 

10H 

* 


02D6 08 

854 

DB 

08H 

* 


02D7 04 

855 

DB 

04H 

* 


02D8 00 

856 

DB 

00H 




857 





02D9 01 

858 

DB 

01H 

* 

; [ ] 

02DA 00 

859 

DB 

00H 



02DB 01 

860 

DB 

01H 

* 


02DC 00 

861 

DB 

00H 



02DO 01 

862 

DB 

01H 

* 


02DE 00 

863 

DB 

00H 



02DF 01 

864 

DB 

01H 

* 



865 






866 






867 






868 






869 

.********************************************************************** 


870 

; 





871 

: START OF SECOND HALF 0! 

’ CGEN TABLE 



872 

; 





873 

.A********************************************************************** 


874 





0300 

875 

ORG 

300H 




876 






877 





0300 00 

878 

DB 

00H 


; ( 1 

0301 00 

879 

DB 

00H 



0302 00 

880 

DB 

00H 



0303 00 

881 

DB 

00H 



0304 00 

882 

DB 

00H 



0305 00 

883 

DB 

00H 



0306 00 

884 

DB 

00H 




885 





0307 00 

886 

DB 

00H 


; [!] 

0308 00 

887 

DB 

00H 



0309 00 

888 

DB 

00H 



030A 7D 

889 

DB 

7DH 

* ***** 


030B 00 

890 


00H 



030C 00 

891 

DB 

00H 



030D 00 

892 

DB 

00H 




893 






894 

$ EJECT 
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LOC OBJ 

SEQ 

SOURCE STATEI 

030E 00 

895 

DB 

00H 

030F 20 

896 

DB 

20H 

0310 40 

897 

DB 

40H 

0311 00 

898 

IB 

00H 

0312 20 

899 

DB 

20H 

0313 40 

900 

DB 

40H 

0314 00 

901 

902 

903 

DB 

00H 

0315 14 

DB 

14H 

0316 00 

904 

DB 

00H 

0317 7F 

905 

IB 

7FH 

0318 00 

906 

IB 

00H 

0319 7F 

907 

DB 

7FH 

031A 00 

908 

DB 

00H 

031B 14 

909 

910 

911 

DB 

14H 

031C 00 

IB 

00H 

031D 32 

912 

IB 

32H 

m n 

m 

DB 

DB 

49H 

36H 

0320 49 

915 

IB 

49H 

0321 26 

916 

DB 

26H 

0322 00 

til 

919 

DB 

00H 

0323 51 

DB 

51H 

0324 02 

920 

DB 

02H 

mu 

tii 

DB 

£B 

54H 

08H 

0327 15 

923 

DB 

15H 

0328 20 

924 

IB 

20H 

0329 45 

925 

926 

927 

IB 

45H 

032A 26 

DB 

26H 

032B 49 

928 

DB 

49H 

032C 10 

929 

DB 

10H 

032D 49 

930 

DB 

49H 

032£ 26 

931 

DB 

26H 

032F 01 

932 

IB 

01H 

0330 05 

933 

934 

935 

IB 

05H 

0331 00 

IB 

00H 

0332 00 

936 

IB 

00H 


tU 

DB 

IB 

im 

20H 

0335 40 

939 

DB 

40H 

0336 00 

940 

DB 

00H 

0337 00 

941 

942 

943 

DB 

00H 

0338 1C 

944 

DB 

ICH 

0339 22 

945 

DB 

22H 

033A 41 

946 

DB 

41H 

033B 00 

947 

DB 

00H 

033C 00 

948 

IB 

00H 

033D 00 

949 

DB 

00H 

033E 00 

950 

DB 

00H 


951 



033F 00 

952 

DB 

00H 

0340 00 

953 

DB 

00H 

0341 00 

954 

DB 

00H 

0342 00 

955 

DB 

00H 

0343 41 

956 

DB 

41H 

0344 22 

957 

DB 

22H 

0345 1C 

958 

959 

960 

DB 

ICH 

0346 49 

IB 

49H 

0347 22 

961 

DB 

22H 

0348 1C 

962 

DB 

ICH 

0349 77 

963 

IB 

77H 

034A 1C 

964 

DB 

ICH 

034B 22 

965 

DB 

22H 

034C 49 

966 

IB 

49H 


967 



034D 08 

968 

DB 

08H 

034E 08 

969 

DB 

08H 

034F 08 

970 

DB 

08H 

0350 3E 

971 

DB 

3EH 

0351 08 

972 

DB 

08H 

0352 08 

973 

DB 

08H 

0353 08 

974 

DB 

08H 


; 

I 

} 

; 

I 

} 

} 

; 


★ 

* 

* 

* 


* * 

******* 
******* 
* * 


* ** 

* * * 

** ** 

* * * 

** * 


* * * 
* 

* * * 
* 

* * * 

* 

* * * 

** * 

* * * 
* 

* * * 
** * 

* 

* * 


* 

* 

* 


*** 

* * 

* * 


* * 

* * 

*** 

* * * 

* * 

*** 

*** *** 
*** 

* * 

* * * 

* 

* 

* 

***** 

* 

* 

* 


; [’•] 


; [#] 


; [$] 


; [%] 


; [&] 


; [•] 


; l(] 


; [)1 


; [*] 


; [+3 
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0355 00 

.7 /U 

977 

DB 

vtm 

00H 


0356 00 

0357 01 

l?l 

DB 

DB 

00H 

01H 

* 

0358 06 

980 

DB 

06H 

** 

0359 00 

981 

DB 

00H 


035A 00 

982 

983 

984 

DB 

00H 


035B 04 

DB 

04H 

* 

035C 04 

985 

UB 

04H 

* 

035D 04 

986 

DB 

04H 

* 

035E 04 

987 

DB 

04H 

* 

035F 04 

988 

DB 

04H 

* 

0360 04 

989 

DB 

04H 

* 

0361 04 

990 

991 

IB 

04H 

* 


992 




0362 00 

993 

DB 

00H 


0363 00 

994 

DB 

00H 


m It 

ill 

DB 

DB 

% 

* 

0366 00 

997 

DB 

00H 


0367 00 

998 

DB 

00H 


0366 00 

1000 

DB 

00H 


0369 01 

1001 

DB 

01H 

* 

036A 02 

1002 

DB 

02H 

* 


1003 

DB 

04H 

* 

1004 

DB 

08H 

* 

0360 10 

1005 

DB 

10H 

* 

036E 20 

1006 

IB 

20H 

* 

036F 40 

1007 

DB 

40H 

* 


1008 




0370 ID 

1009 

IB 

IDH 

* *** 

0371 22 

1010 

DB 

22H 

* * 

0372 45 

0373 08 

1011 

DB 

45H 

* * * 

1012 

DB 

08H 

* 

0374 51 

1013 

DB 

51H 

* * * 

0375 22 

1014 

DB 

22H 

* * 

0376 5C 

iiii 

DB 

5CH 

*** * 

0377 00 

1017 

DB 

00H 


0378 21 

1018 

DB 

21H 

* * 

m n 

Hit 

DB 

DB 

40H 

7FH 

* 

******* 

037B 00 

1021 

DB 

00H 


037C 01 

1022 

DB 

01H 

* 

0370 00 

1023 

IB 

00H 



1024 




037E 23 

1025 

DB 

23H 

> ** * 

037F 44 

1026 

DB 

44H 

* * 

0380 01 

0381 48 

1027 

1028 

IB 

DB 

01H 

48H 

1 * * * 

0382 01 

1029 

DB 

01H 

* 

0383 48 

1030 

DB 

48H 

* * 

0384 31 

1031 

DB 

31H 

* ** 


1032 




0385 42 

1033 

DB 

42H 

* * 

0386 01 

1034 

DB 

01H 

* 

0387 50 

1035 

DB 

50H 

* * 

0388 01 

1036 

DB 

01H 

* 

0389 50 

1037 

DB 

50H 

* * 

038A 29 

1038 

DB 

29H 

* * * 

038B 46 

1039 

1040 

DB 

46H 

** * 


1041 $ 

EJECT 




; [,] 


; [-] 


; [.] 


; [/] 


; [ 0 ] 


; 11 ] 


? [ 2 ] 


; 13] 
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[ 4 ] 


LOC OBJ 

SEO 

SOURCE 

STATEMENT 


038C 04 

1042 

DB 

04H 

* 

038D 08 

1043 

DB 

08H 

* 

038E 14 

1044 

DB 

14H 

* * 

038F 20 

1045 

DB 

20H 

★ 

0390 5F 

1046 

DB 

5FH 

***** * 

0391 00 

1047 

DB 

00H 


0392 04 

1048 

DB 

04H 

* 


1049 




0393 72 

1050 

DB 

72H 

* *** 

0394 01 

1051 

DB 

01H 

* 

0395 50 

1052 

DB 

50H 

* * 

0396 01 

1053 

DB 

01H 

* 

0397 40 

1054 

DB 

40H 

* 

0398 11 

1055 

DB 

IIH 

* * 

0399 4£ 

1056 

DB 

4EH 

*** * 


1057 




039A 17 

1058 

DB 

17H 

*** * 

039B 21 

1059 

DB 

21H 

* * 

039C 40 

1060 

DB 

40H 

* 

039D 09 

1061 

DB 

09H 

* * 

039E 40 

1062 

DB 

40H 

* 

039F 09 

1063 

DB 

09H 

* * 

03A0 46 

1064 

DB 

46H 

** * 


1065 




03A1 40 

1066 

DB 

40H 

* 

03A2 00 

1067 

DB 

00H 


03A3 47 

1068 

IB 

47H 

*** * 

03A4 08 

1069 

DB 

08H 

* 

03A5 50 

1070 

DB 

50H 

* * 

03A6 20 

1071 

DB 

20H 

* 

03A7 40 

1072 

DB 

40H 

* 


1073 




03A8 36 

1074 

DB 

36H 

** ** 

03A9 49 

1075 

DB 

49H 

* * * 

03AA 00 

1076 

DB 

00H 


03AB 49 

1077 

DB 

49H 

* * * 

0aAC 00 

1078 

DB 

00H 


03AD 49 

1079 

DB 

49H 

* * * 

03AE 36 

1080 

DB 

36H 

** ** 


1081 




03AF 30 

1082 

DB 

30H 

** 

03B0 48 

1083 

DB 

48H 

* * 

03B1 01 

1084 

DB 

01H 

* 

03B2 48 

1085 

DB 

48H 

* * 

03B3 01 

1086 

DB 

01H 

* 

03B4 42 

1087 

DB 

42H 

* * 

03B5 3C 

1088 

DB 

3CH 

**** 


1089 





1090 




03B6 00 

1091 

DB 

00H 


03B7 00 

1092 

DB 

00H 


§il !S 

1093 

1094 

DB 

DB 

1^ 

* * 

03BA 00 

1095 

DB 

00H 


03BB 00 

1096 

DB 

00H 


03BC 00 

m 

DB 

00H 


03BD 00 

1099 

DB 

00H 


03BE 00 

1100 

DB 

00H 


msi 

1101 

1102 

DB 

DB 

01H 

02H 

* 

* 

03C1 14 

1103 

DB 

14H 

* * 

03C2 00 

1104 

DB 

00H 


03C3 00 

1105 

DB 

00H 



1106 




03C4 00 

1107 

DB 

00H 


03C5 08 

1108 

DB 

08H 

* 

03C6 14 

1109 

DB 

14H 

* * 

03C7 22 

1110 

DB 

22H 

* * 

03C8 41 

nil 

IB 

41H 

* * 

03C9 00 

1112 

DB 

00a 


03CA 00 

1113 

DB 

00H 



1114 




03CB 00 

1115 

IB 

00H 


03CC 14 

1116 

DB 

14H 

* * 

03CD 00 

03CE 14 


DB 

DB 

fig 

* * 

03CF 00 

1119 

DB 

00H 


03D0 14 

1120 

DB 

14H 

* * 

03D1 00 

1121 

IB 

00H 



; [51 


; [ 6 ] 


; [7] 


; [8] 


; [9] 


; [:] 


[;] 


; [<] 


; t=J 


All mnemonics copyrighted © Intel Corporation 1976. 
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LOG OBJ 

SBQ 

SOURCE 

STATEMENT 



1122 




03D2 00 

1123 

DB 

00H 


03D3 00 

1124 

DB 

00H 


0^ 41 

03D5 22 

iiii 

DB 

DB 

41H 

22H 

* * 
* * 

03D6 14 

1127 

DB 

14H 

* * 

03D7 08 

1128 

DB 

08H 

* 

03D8 00 

iii 

DB 

00H 


03D9 00 

1131 

DB 

00H 


03OA 20 

1132 

DB 

20H 

* 

40 

1133 

DB 

40H 

* 

0^ 05 

1134 

DB 

05H 

* * 

03DD 48 

1135 

DB 

48H 

* * 

03DE; 30 

1136 

DB 

30H 

** 

03DF 00 


DB 

00H 



1139 

END 




Ail mnemonics copyrighted © Intel Corporation 1976. 
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INTRODUCTION 

Many microprocessor systems require the real-time con¬ 
trol of a peripheral device such as a printer, keyboard, or 
alpha-numeric display, etc. These medium speed but still 
real-time tasks can be rather mundane, time-consuming, 
and require a fair amount of system software overhead. 
Of course, any time spent by the main processor in servic¬ 
ing these I/O devices is unavailable for other, possibly 
more important, tasks. This processor burden can largely 
be removed by isolating the real-time portion of the task 
to a dedicated peripheral-control processer. 

Until recently, this approach was usually not cost effec¬ 
tive due to the large number of components required by 
the dedicated processor: CPU, RAM, ROM, I/O, etc. To 
help make the approach more cost effective, Intel bor¬ 
rowed the I/O processing concepts found in many main¬ 
frame and minicomputers; put all the hardware in one 
package; and introduced a family of Universal Peripheral 
Interface controllers—the UPI-41A^'^ family. The basic 
family consists of the 8041A and the 8741A. These two 
devices are essentially single-chip microcomputers with a 
standard microprocessor bus interface. They have on- 
chip RAM, ROM (8041A) or EPROM (8741A), CPU, 
timer/counter, and I/O. Using one of the UPl family, the 
designer simply codes his custom or proprietary 
peripheral control algorithm into the UPl device itself 
rather than the main system software. The UPl device 
then takes over the peripheral control task while the host 
processor simply issues commands and transfers data. 
More information on the UPl family is available in the 
documents referenced opposite the table of contents. 

Illustrating the UPl concept as both design examples 
and actual products, a number of pre-programmed 
8041As are available. These devices are the 8278 
Keyboard/Display Controller, the 8294 Data Encryption 
Unit, the 8292 GPIB Controller, and the 8295 Dot Matrix 
Printer Controller. Data sheets for these devices are 
found in the Peripheral Design Handbook and their 
source listings (except for the 8294) are available in Insite, 
Intel’s User’s library. This application note deals with 
the 8295. 


THE 8295 

The 8295 Dot Matrix Printer Controller is a device 
specifically designed to interface microprocessors to the 
LRC 7040 Series of dot matrix impact printers. It offers 
complete solenoid and motor drive timing and contains 
an on-chip 7x7 character generator accommodating 64 
ASCII characters. An on-chip FIFO buffers up to 40 
ASCII characters before printing. Character density, 
width, and print intensity are all programmable. Three 
programmable tabulations and two general purpose out¬ 
puts are also provided. Four data transfer methods are 
possible: polling, interrupt-driven, and Direct Memory 


Access (DMA) are available when in parallel data 
transfer mode and asynchronous serial is available in 
serial mode. The data transfer mode is hardware 
selectable. 

Let’s first look at the LRC printer itself and its interface 
to the 8295. 


THE LRC 7040 PRINTER 

The LRC Model 7040 printer is manufactured by LRC, 
Inc. of Riverton, Wyoming. Capable of printing 40 col¬ 
umns of characters at a speed of 1.25 lines/sec, the 7040 is 
mechanically simple and is ideal for point-of-sale or data 
logging terminals. 

It is an impact printer whose print head consists of seven 
solenoids which each drives a stiff wire to impact the 
paper through an inked ribbon. While the wires are ar¬ 
ranged in a circular fashion at the solenoid end, they 
form a vertical column at the ribbon impact point. 
Characters are formed by firing the solenoids to form a 
5x7 or 7x7 matrix of “dots” (impacts of the wires). 
Figure 1 shows how the character A is formed using a 
7x7 matrix. The columns are labeled Cl thru C7 and the 
rows R1 thru R7.The print head moves left to right across 
the paper so at time Tl, the head is over column Cl. If the 
correct solenoids are activated at each time Tx for each 
column Cx, the character is formed. 


Cl C2 C3 C4 C5 C6 C7 


□ 

□ 

□ 

■ 

□ 

□ 

□ 

□ 

□ 

■ 

□ 

■ 

□ 

□ 

□ 

■ 

□ 

□ 

□ 

■ 

□ 

■ 

□ 

□ 

□ 

□ 

□ 

■ 

■ 

□ 

■ 

□ 

■ 

□ 

■ 

■ 

□ 

□ 

□ 

□ 

□ 

■ 

■ 

□ 

□ 

□ 

□ 

□ 

■ 


Figure 1. Character A in 7x7 Format 


The print head is moved across the paper by the main 
motor drive. The main motor drive consists of a 24-pole 
synchronous motor which drives a rotating plastic drum. 
The drum has a spiral groove molded into it and a pin on 
the print head rests in the groove so that the print head 
traverses the paper as the drum rotates. Characters are 
printed by firing the solenoids during the left-to-right 
traverse. At the end of the print area, the spiral groove 
reverses the direction of the print head returning it to its 
home position. 
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A HOME microswitch riding on a cam attached to the 
plastic drum provides the only feedback as to the print 
head position. When the print head is in its home resting 
position the HOME switch is inactive. To start a print 
cycle, the main motor drive is activated which starts the 
print head motion. As the print head reaches the begin¬ 
ning of the print area, the cam activates the HOME 
switch as a signal to the printer controller to commence 
firing the solenoids. The controller then activates the 
solenoids as appropriate for each character in the line. 
The print area is defined as the 310ms immediately after 
HOME goes active. Solenoid timing is the responsibility 
of the controller; the printer mechanism supplies no 
character-position information. 

After the line is printed and the print head has traversed 
right to left, the HOME switch is deactivated. This transi¬ 
tion signals the controller to turn off the main motor 
drive since the home position has been reached. A new 
print cycle may start immediately if data is ready. 

Paper feed is accomplished with a second synchronous 
motor and a PFEED (Paper Feed) microswitch. In the 
quiescent state, the PFEED switch is inactive. Activating 
the paper feed motor drive starts the line feed cycle. The 
switch becomes active at some point during the cycle 
(typically about 48ms later) and is deactivated when the 
cycle is complete. The controller uses the active-to- 
inactive transition to remove the paper feed motor drive. 
The paper feed operation is independent of the print cycle 
so the two could occur simultaneously. Figure 2 shows 
the timing required by the printer for a print cycle fol¬ 
lowed by a line feed. 



Figure 2. LRC 7040 Motor Drive Timing 


Solenoid timing determines the location of any given 
“dot” and its intensity. The LRC 7040 printer specifica¬ 
tion states a 400/as maximum solenoid “ON” time and a 
1.3ms typical period. Since the print area is 310ms “long” 
this timing allows a total of 240 dots (310ms/1.3ms per 
dot) in one row or 40 characters on a 5 x 7 matrix with a 
one dot space between characters. While 5x7 characters 
have acceptable readability, their distinctness and format 
can be improved with a 7 x 7 matrix, however, 40 7 x 7 
characters translate to 320 dots per row or a 0.97ms 
solenoid period. This violates the solenoid duty cycle spec 
if the solenoids are fired for every column. The best way 
to get around this dilemma and still retain the improved 
readability of the 7x7 format is to simply fire the 
solenoid every other column. The 8295 uses this technique 
and the “every-other” column spacing is reflected in 
Figure 1. The 8295 character set is included in Figure 3. 


CHARACTER SET 


Hex Code 

Print Char. 

Hex Code 

Print Char. 

Hex Code 

Print Char. 

Hex Code 

Print Char. 

20 

space 

30 

0 

40 

@ 

50 

P 

21 

! 

31 

1 

41 

A 

51 

Q 

22 

” 

32 

2 

42 

B 

52 

R 

23 

# 

33 

3 

43 

C 

53 

S 

24 

$ 

34 

4 

44 

D 

54 

T 

25 

% 

35 

5 

45 

E 

55 

U 

26 

& 

36 

6 

46 

F 

56 

V 

27 


37 

7 

47 

G 

57 

w 

28 

( 

38 

8 

48 

H 

58 

X 

29 

) 

39 

9 

49 

1 

59 

Y 

2A 

• 

3A 


4A 

J 

5A 

z 

2B 

+ 

3B 

1 

4B 

K 

5B 

[ 

2C 

• 

3C 

< 

4C 

L 

5C 

\ 

2D 

- 

3D 

= 

4D 

M 

5D 

] 

2E 


3E 

> 

4E 

N 

5E 

T 

2F 

/ 

4F 

? 

4F 

0 

5F 



Figure 3. 8295 Character Set 
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8295/Priiiter Interface 

It’s the job of the 8295/Printer interface to convert the 
TTL-compatible outputs of the 8295 to the motor and 
solenoid drive levels. Since the printer side of the 8295 is 
independent of the system side, this same 8295/Printer 
interface is used for all examples discussed in the later 
sections. 

For solenoid drive, the 8295 supplies seven solenoid out¬ 
puts, SI thru S7, plus a solenoid strobe, STB. STB 
modulates the S1-S7 outputs externally to supply the ac¬ 
tual solenoid “ON” time. This time is software program¬ 
mable. Figure 4 shows the recommended S1-S7/STB 
gating. 


+ 5V 



Figure 4. Solenoid and Motor Gating 



Figure 5. Solenoid Driver 


The solenoids must be driven from a 40 ± 10% volt 
source. The peak current is approximately 3.6A, the 
average current is approximately 0.5A. A circuit pro¬ 
viding the required drive is shown in Figure 5. The output 
stage, consisting of the 2N6045 Darlington transistor, the 
1N4002 catching diode, and the 100-ohm damping 
resistor, is the one suggested by the manufacturer. The in¬ 
put stage is a discrete implementation of a DTL gate. 
Note that the base-emitter junction of the 2N6045 pro¬ 
tects the 2N2222A transistor from overvoltage on its col¬ 
lector. This circuit has several features which are impor¬ 
tant to the printer interface: 

1. All solenoid power (including the power used to drive 
the base of the power transistor) is derived from the 
40-volt supply. 

2. Disconnecting the drivers from the 8295 or the loss of 
the 5-volt supply to the 8295 results in the solenoids 
turning off. 

The first feature of the drivers minimizes the impact of 
the printer and its interface on the 5-volt supply. The sec¬ 
ond feature prevents the activation of the solenoids er¬ 
roneously during power on/off cycles or during system 
checkout. This an important point since the solenoids will 
be damaged if left activated continuously. The fuses is 
series with the solenoids help protect them from mishap. 

The two motors can each be driven as shown in Figure 6. 
The Monsanto MCS-6200 is an optically-coupled TRIAC 
which is ideal for driving the small synchronous motors 
in the printer. Coupled with a buffer this part provides a 
simple means of controlling the motors without sacrific¬ 
ing the isolation required for safe and reliable operation. 

These driver circuits were borrowed from the Intel ap¬ 
plication note AP-27 “Printer Control With the UPl-41!’ 
(The 8295 development was inspired by the success of the 
AP-27 design.) Other solenoid and motor driver circuits 
are described in the LRC Interface Guide available from 
the manufacturer. 



Figure 6. Motor Driver 
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01 

02 

03 

04 


05 

06 

07 


08- 


09 

OA 

OB* 

OC 


pin to a logic low state. After power on it is 
automatically set high. 

Clear GP2. Same as the above but for GP2. 

Set GP1. Sets GP1 pin to a logic high state, 
inverse of command 00. 

Set GP2. Same as above but for GP2. In¬ 
verse command 01. 

Software Reset. This is a pacify command. 
This command is not effective immediately 
after commands requiring a parameter, as 
the Reset command will be interpreted as a 
parameter. 

Print 10 characters/in. density. 

Print 12 characters/in. density. 

Print double width characters. This com¬ 
mand prints characters at twice the normal 
width, that is, at either 17 or 20 characters 
per line. 

Enable DMA mode; must be followed by 
two bytes specifying the number of data 
characters to be fetched. Least significant 
byte accepted first. 

Tab character. 

Line feed. 

Multiple Line Feed; must be followed by a 
byte specifying the number of line feeds. 

Top of Form. Enables the line feed output 
until the Top of Form input is activated. 


enables the printer to start printing. 

OE* Set Tab #1, followed by tab position byte. 

OF* Set Tab #2, followed by tab position byte. 
Should be greater than Tab #1. 

10* Set Tab #3, followed by tab position byte. 
Should be greater than Tab #1. 

11 Print Head Home on Right. On some 
printers the print head home position is on 
the right. This command would enable nor¬ 
mal left to right printing with such printers. 

12* Set Strobe Width; must be followed by 
strobe width selection byte. This com¬ 
mand adjusts the duration of the strobe 
activation. 


D7-D3 D2 D1 

0 0 0 

0 0 0 

0 0 1 

0 0 1 

0 1 0 

0 1 0 

0 1 1 

0 1 1 


DO 

0 

1 

0 

1 

0 

1 

0 

1 


Solenoid on 

(ms) 

200 

240 

280 

320 

360 

400 

440 

480 


*parameter{s) required 


Figure 7. 8295 Command Set 


8295 Command Software 

The software control of the 8295 is very straightforward. 
The host processor simply issues ASCII characters to the 
8295. The printable characters, 20H thru 5FH, are stored 
in the on-chip FIFO for printing while the non-printable 
codes, OOH thru 12H, serve as 8295 commands. (Codes 
13H thru IFH are treated as no-ops.) The 8295 command 
set is shown in Figure 7. Note that some of the commands 
require an extra byte or two of information (parameters). 
These additional parameters must follow the command 
otherwise data and parameters might be confused. Com¬ 
mands and data may be mixed at any time although while 
the data is stored in the FIFO, commands take effect im¬ 
mediately. Commands do not “pass-thru” the FIFO. 

All printable characters are entered into the FIFO. The 
FIFO is printed when either a Carriage Return command 
is received or the FIFO becomes full. In either case, the 
FIFO is printed, however there is no automatic line feed 


unless the printer happens to be so equipped mechanical¬ 
ly. Thus, a Line Feed command should be issued after 
each Carriage Return or after the last character to fill the 
FIFO. The FIFO is printed as soon as the character that 
filled it is accepted. If the character immediately follow¬ 
ing this filling character is a Carriage Return, the 8295 ig¬ 
nores it to prevent a useless print cycle. 

Some commands clear the FIFO. The Carriage Return 
command effectively clears the FIFO since it causes the 
FIFO contents to be printed. The character density and 
width commands also clear the FIFO however they do 
not print its contents; the FIFO size is adjusted by these 
commands. Obviously, a 10 chr/in density with double 
width printing would not allow 40 characters per line. The 
8295 recognizes this fact and modifies internally the 
FIFO size limits. The FIFO size is modified according to 
the table below. For example, if the density is 10 char/in, 
single width printing, the 8295 accepts only 33 printable 
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characters before starting a print cycle. Since these com¬ 
mands take effect as soon as they are accepted, this 
prevents mixing different character densities or widths on 
a given line. Any such commands must precede the data 


line. 

DENSITY 

WIDTH 

BUFFER SIZE 

12 

SINGLE 

40 

12 

DOUBLE 

20 

10 

SINGLE 

33 

10 

DOUBLE 

17 


The Software Reset command clears the FIFO, resets the 
density to 12 chr/in and selects single width printing. It 
does not effect the solenoid strobe width, the tab posi¬ 
tions, or the general purpose outputs. This command 
should be issued only when the 8295 is expecting a com¬ 
mand or data. Issuing it when the 8295 is expecting a 
parameter causes it to be interpreted as the parameter 
and not the intended software reset. 

A hardware reset causes the 8295 to default into the 
following states: 

1. Clears the FIFO 

2. GPl and GP2 set high 

3. 12 chr/in density 

4. single width prining 

5. 320^s strobe width 

6. tab positions indeterminate. 

Parallel Interfaces 

The 8295 has the option of using serial or parallel com¬ 
munication with the main processor. The choice must be 


made early in the design cycle since it is a hardware, not a 
software, selection. Let’s look at the parallel options first. 

In parallel mode, the 8295 has the traditional 
microprocessor bus interface: data, control, etc. The 
parallel mode is selected by not grounding the IRQ/SER 
pin. To the main processor, the 8295 in parallel mode ap¬ 
pears as two registers: the Input Data register and the 
Output Status register. The main processor writes com¬ 
mands and data into the Input Data register while it reads 
the 8295 status from the Output Status register. 

The Output Status register format is shown in Figure 8. 
The Input Buffer Full bit (IBF) indicates whether the 8295 
has accepted the previous command or data byte. IBF is 
automatically set when the host processor writes to the 
8295 and it is reset when the 8295 accepts the data or 
command. If IBF = 1, no writes to the Input Data register 
are allowed. Only when IBF = 0 may a Input Data register 
write be done. The DMA Enable bit (DE) is set whenever 
the 8295 is performing DMA data transfers. When the 
specified number of transfers has been made, the DE bit 
is cleared. Since DMA cycles are usually transparent to 
the main processor, the DE bit tells the processor when 
the DMA block transfer is complete. 

The processor does not always have to read the Output 
Status register, checking IBF, before loading the Input 
Data register. An interrupt output (IRQ) pin is available 
to interrupt the processor whenever the 8295 is ready to 
receive new data or commands. The fact that IRQ is set 
implies that IBF = 0, so it’s not necessary for the pro¬ 
cessor to read the 8295 status when interrupted; it can 
just write the next byte. 


OUTPUT STATUS REGISTER 



NOT USED 

IBF—INPUT BUFFER FULL 
NOT USED 
DE—DMA ENABLE 
NOT USED 


Figure 8. Output Status Register Format 
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Figure 9 shows the system schematic for using the 8295 in 
poiled-parallel mode in an 8085A system; ie the IRQ line 
is not used. The 8085A/8295 interface is standard as for 
any Intel peripheral. CS is decoded from the high-order 
address lines. RD and WR are the 8085A read and write 
control lines. RESET is the system reset. 

Example 8085A polling software is shown in Figure 10. 
This routine simply outputs the print buffer starting at 
the location pointed to in PRTSRT. The system software 
builds the buffer, terminates it with a OFFH character, 
and loads PRTSRT before calling PRINT. 

PRINT is not very efficient with respect to processing 
time. Since the 8295 does not accept data while in a print 
or line feed cycle, if the buffer contained more printable 
characters than the FIFO size, the processor would sit in 
the PRT2 loop during the 800ms print and 200ms line 
feed cycles. That is obviously not too efficient. The ob¬ 
vious way around this problem is to restrict the buffer 
size to less than that of the FIFO however this could com¬ 
plicate the system software since more buffer building is 
required. A better approach is to use interrupts. 

By connecting the 8295*s IRQ output to one of the 8085A 
RST interrupt inputs (dotted line in Figure 9), the pro¬ 


cessor is interrupted only when the 8295 is able to take 
another character. Figure 11 shows such interrupt-driven 
software assuming the RST 6.5 interrupt input is used for 
IRQ. 

To further enhance the bus efficiency and processor 
overhead at the expense of slightly more complex hard¬ 
ware, use the 8295 DMA interface. This DMA interface is 
compatible with the 8257 DMA Controller. With such an 
interface all that’s necessary is for the processor to load 
the DMA Controller with the print buffer starting ad¬ 
dress and write the Enable DMA command and length 
parameters into the 8295. The 8295 does the rest by re¬ 
questing data directly from memory thru the DMA Con¬ 
troller. It keeps track of the number of characters to re¬ 
quest. As long as there are characters remaining to be 
transferred, the DE bit in the Output Status register is set. 
After the last byte is transferred into the 8295, the DE bit 
is reset and the IRQ is made active. Either event is used to 
tell the processor that DMA is complete and the 8295 is 
ready for the next block. It is not necessary to restrict the 
DMA block size to 40 characters, the Enable DMA com¬ 
mand parameters allow for up to 65 k byte block sizes. 
The block size given the 8295 must reflect both data plus 
commands and parameters. 



Figure 9. 8295 Parallel Interface 
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flSMSe ;F1:95F10.SRC TITLE(^8295 flP NOTE FIGURE 10•) 


ISIS-II 8080/8085 MfiCRO ASSEMBLER, X108 MODULE 

8295 ftp NOTE FUjURE 10 

LOG OBJ SEQ SOURCE SfflTEMENT 




1 $M0D85 

2 

:< SYSTEM 

EQUHTEi 



20D0 


4 PRiSRT 

EQU 

20D0H 

•POINIER STORfiGE 

0802 


5 IBF 

EQU 

02H 

; ltd- KLHG MASK 

0031 


b STS95 

EQU 

31F1 

;8295 STATUS REGISTER fi»T 

0031 


7 DflTft95 

8 ; 

9 

EQU 

31H 

•S295 DATA REGISTER PORI 

2030 


ORG 

2030H 




10 






11 PRINT BUFFER OUTPUT SUBROUflNE - THIS ROUTINE PRINTS THE BUFFER 

12 .iSTflRTINij ftT THE POINTER STORED ftT PRTSKr. THE ROUTINE RETURNS 1 



13 .ifl 0FFH IS FETCHED FROM 

THE BUFFER. 



14 




2030 

E5 

15 PRINT; 

PUSH 

H 

.iSftVE HL 

2031 

C5 

16 

PUSH 

B 

..Sft'v'E BC 

2032 

2PXI020 

17 

LHLO 

PRTSRT 

.iQET BUFFER POINTER 

2035 

7E 

18 PRTl: 

MOV 

ft,ri 

.iGET CHARACTER FROM BUFFER 

2036 

47 

19 

MOV 

B,A 

;SftVE IT IN B 

2037 

FEFF 

20 

CPI 

0FFH 

, IS IT THE BUFFER END? 

2039 

Cfl4ft20 

21 

JZ 

PEXlf 

.:YES, GO EXIT 

203C 

DB31 

22 PRT2: 

IN 

STS95 

.jNiD.. KEftD 3295 STATUS 

283E 

6602 

23 

ftNl 

IBF 

.iLOOK ftT IBF FLAG 

2040 

C23C20 

24 

JNZ 

PRT2 

.iWftlT UNTIL IBF=0 

2043 

78 

25 

MOV 

ft,B 

RECOVER CHftRftCTER 

2044 

D331 

26 

OUT 

DfiTfl95 

OUTPUT TO 8295 

2046 

23 

27 

INX 

H 

.;BUMF' BUFFER POINTER 

2047 

033520 

28 

JMP 

PRTl 

;GET NEXT CHftRAi:TLR 



29 




204ft 

Cl 

30 PEXIT; 

POP 

B 

.iRESTiDRE BC 

2048 

El 

31 

POF- 

H 

..RESTORE HL 

204C 

C9 

32 

RET 


RET URN 



33 






34 

END 




PUBLIC SYMBOLS 


EXTERNAL SYMBOLS 


USER SYMBOLS 

DftTfi95 ft 0031 IBF ft 0802 PEXIT ft 204ft PRINT ft 2838 PRTl ft 2035 PRT2 ft 203C PRiSRT ft 2808 
STS95 ft 0031 

ASSEMBLY COMPLETE NO ERRORS 


Figure 10. 8085A/8295 Polling Subroutine 


All mnemonics copyrighted ® Intel Corporation 1976. 
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HP NOTE FIGURE 11 


LOG OaJ SEQ SOURCE STHTEICNT 

1 IH0D85 


:< , SYSTEM EQUATES 


20D0 

4 PRTSRT 

EQU 

20i:-0H 

..POINTER STORlAGE 

0002 

5 IBF 

Ei3U 

02H 

>IBF FLAG MASK 

0031 

6 STS95 

EQU 

31H 

.8295 STATUS REGISTER PORI 

0031 

7 DATA95 

B 

EQU 

31H 

;8295 DATA REGISTER PORI 


9 ; 

10 ;RST6 5 

INTERRUPT VECTOR LXATIiTN - JUMP TO PRINTER SUBROUTINE 


11 . 




0034 

12 

ORG 

34H 



13 




0034 C33020 

14 RST65: 

15 

16 ; 

.IMP 

PRINT 

.;i30 10 PRINT ROUTINE 

2030 

17 

ORG 

2030H 



18 / 

19 ^F-RINTER OUTPUT SUBROUTINE FOR INTERRUF’T-DRIVEN SYSTEM > aOPUTS 

20 ;CHR POINTED AT BY PRTSRT. IF CHR IS 0FFH, THE BUFFER IS COMPLETE 
a ; AND THE RST6. 5 INTERRUPT IS fIfiSKED. IHE MAIN PROijRAM MUST UNMASL! 

22 iRSTB. 5 AFTER IT BUILDS A NEU BIFFER F*RiNT BUFFER STniUS IS REFLECTED 

23 ;TO TIC MAIN PROGRAM BY TIC RST6. b MASK: BIT IN RIM INSTR:IXTIUN. 

24 > 


2030 E5 

25 PRINT 

PUSH 

H 

.. SAVE HL 

2031 F5 

26 

PUSH 

PSH 

SAVE PSU 

2032 2AD020 

27 

LHLD 

PRTSRT 

.iGET BUFFER POINTER 

2035 7E 

23 

MO’v' 

an 

■GET NEXT CHR 

2036 FEFF 

29 

CPI 

0FFH 

.TEST IF BUFFER COMPLETE 

2038 CA4520 

30 

JZ 

EXIT 

.YES. 130 EXIT WITH RST MASF:ED 

2038 D331 

31 

OUT 

DATR95 

.NO. OUTPUT CHR TO 8295 

203D 23 

32 

INX 

H 

.iBUMP POINTER 

203E 22D020 

33 

SHLO 

PRTSRT 

RESTORE POINTER 

2041 FI 

34 PRTl; 

POP 

FSW 

.RESTORE PSW 

2042 El 

35 

POP 

H 

;RESTORI HL 

2043 FB 

36 

El 


.iRE*ENA8LE INTERRUPTS 

2044 C9 

37 

RET 


.REIIJ?N 


38 .. 




2045 3E0A 

39 EXIT; 

MVI 

a0FlH 

iMASK RST6. 5 

2047 30 

40 

SIM 


;SET INTERRUPT MASF: 

2048 C34120 

41 

JMP 

PRTl 

.;G0 EXIT WITH MASK IN PLAi:E 


42 ; 





43 

END 




PUBLIC SYMBOLS 


EXTERNAL SYMBOLS 
USER SYMBOLS 

DATR95 A 0031 EXl I A 2045 IBF A 0002 PRINT A 2030 P-RTl A 2041 PRTSRT A 20D0 RS765 A 0834 

Figure 11. 8085A/8295 Interrupt-Driven Software 


All mnemonics copyrighted © Intel Corporation 1976. 
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Figure 12. 8295/DMA Interface 






fiS«80 :F1;95F11SRC TnLE( 3295 flP NOTE FIGURE 13') 


ISIS-11 S080r'8885 mCRO ASSEMBLER. X103 HODULE PHGE 1 

8295 ftp NOTE FIGURE 13 

LX OBJ SEQ SOURCE STfllEt€NT 


1 $nOD85 

2 

3 .SVSTEH EQUfiTES; 


9038 

4 M00E57 

EQU 

38H 

i8257 CONTRX PORT 

9036 

5 CH3flOR 

EQU 

36H 

;8257 CH3 ADR PORT 

0037 

6 CH3 TC 

EQU 

37H 

;8257 X3 TC PORT 

0002 

7 IBF 

EQU 

02H 

ilBf MASK 

0020 

8 STS95 

EQU 

20H 

.i8295 STAlUS PORT 

0020 

9 0flTfl95 

EQU 

20H 

;8295 DATA PORT 


10 . 




2030 

11 

ORG 

2030H 



12 .. 





13 .OMft-ORIVEN PRINT RXTINE 

- THE MAIN P-ROGRAM CALLS THIS SUBROUTINE 


14 ..ftFTER DUILOING ft PRINT BUFFER AND TESTING THE 8295 DE BIT FOR 


15 . COMPLETION OF THE LAST OMfi fclOU TRANSFER. THE STARTING ADDRESS 


16 .iOF THE PRINT BUFFER IS PfiSSED IN THE OE REGISTER PAIR. THE COUNT ] 


17 ; 




2030 3E07 

13 PRINT: 

MVI 

H.07H 

; DISABLE DMA CH3 

2032 D33y 

19 

OUT 

M00E57 

;8257 CONTRX PORT 

2034 7B 

29 

MOV 

ft..E 

iGET ADR LSB 

2025 D336 

21 

XT 

CHSftOR 

..8257 CH3 ADR PORI 

2037 7fl 

22 

MOV 

ft.O 

;iiET ADR MSB 

2038 0336 

23 

XT 

CH3ftOR 

i8257 CH3 ADR: PORT 

203ft 3EFF 

24 

MVI 

ft. 0F>ll 

:MftKE CH3 TC FFFFH 

203C 033? 

25 

XT 

CH3TC 

i825? CH3 TC PORT 

203E 3EBF 

26 

MVI 

ft..0BFH 

.iOMA DIRECT ICW IS MEMORY READ 

2040 0337 

27 

XT 

CH3TC 

.. 8235 CH3 TC PORT 

2042 1608 

28 

MVI 

O.08H 

.. ENAXE DMA t::OMMANO 10 8295 

2044 CD5420 

29 

CALL 

XT95 

iXTPUT TO 8295 

2047 51 

30 

MOV 

0..C 

.^XT LSB OF COUNT 

2048 CO5420 

31 

CALL 

XT 95 

.iXTPUT TO 8295 

2046 50 

S2 

MOV 

D..e 

.;XT MSB OF COUNT 

204C CD5420 

33 

CALL 

XT95 

^XTPUT TO 8295 

204F 3E0F 

34 

m 

fl.0FH 

ENABLE CH3 DMA 

2051 0338 

35 

XT 

MIM57 

;825? CONTRX PORT 

2053 C9 

36 

RET 


:RETURN 

2054 0620 

• 

38 mm 

IN 

STS95 

• READ 8295 STATiJS 

2056 E602 

39 

HNi 

IBF 

.LOOK AT IBF FLAG 

2058 C25420 

40 

JNZ 

XT95 

..WAIT UNTIL IBF=0 

2058 7ft 

41 

MOV 

H.D 

..XT DATA 

205C 0320 

42 

XT 

OftTftyS 

.i XTPUT 10 8295 PXT 

205E C9 

43 

RET 


..RETURN 


44 .. 





45 

END 




PUBLIC SYMBOLS 
EXTERNftL SWjLS 
USER SYMBOLS 


Figure 13. 8295 DMA Subroutine 


All mnemonics copyrighted © Intel Corporation 1976. 
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Figure 12 illustrates an 8257/8295 interface and Figure 13 
shows example software for handling the system. This 
software assumes that the 8295 is doing the counting of 
the transfers hence the Terminal Count of the 8257 DMA 
channel is loaded with the maximum value while the 8295 
receives the actual block size. The 8295 simply stops mak¬ 
ing requests once the requested number of transfers have 
been made. 

Serial Interface 

In addition to the parallel interface options, the 8295 sup¬ 
ports a “stand-alone” serial interface. In this mode, the 
only communication with the main processor is via a 
serial link. This configuration is perfect for reinote 
printer applications; only three wires are required com¬ 
pared to 12 or 13 for the parallel interfaces. 

The serial mode is envoked by simply grounding the 
IRQ/SER pin. See Figure 14. The internal 8295 software 
interrogates this pin upon power-on and rec onfigure s the 
function of several pins if it’s grounded. The DACK/SIN 
pin becomes the serial data input (SIN) and the DR- 
Q/CTS pin becomes the hardware data holdoff, Clear- 
to-Send. The lower three Data Bus pins become the Baud 
Rat e Sele ct inputs. Note that it is necessary to ground CS 
and WR, and pull RD high. This enables the “input” 
direction of the Data Bus pins so that the 8295 may read 
the baud rate. All standard baud rates from 110 to 4800 
baud are accommodated. 


After power-on the 8295 looks at IRQ/SER and if it’s 
grounded, the data bus pins are read to determine the 
baud rat e. Data fr om the serial input is requested by 
lowering CTS. CTS stays low until during the eight bit of 
the serial data character at which point it goes high (inac¬ 
tive). After the character is assembled and interpreted, 
CTS again goes active to request the next character. The 
8295 does not check for parity and characters with in¬ 
valid start bit s or f raming errors (stop bit wrong polarity) 
are ig nored. CTS is normally connected to the UART’s 
CTS input. An inactive CTS holds off the UART 
transmitter from transmitting characters. 

In serial mode, the command and data definitions still 
apply as in parallel mode. Commands and data may be 
mixed although commands take effect immediately when 
received. 

Figure 15 shows example software to drive an 8251A Pro¬ 
grammable Serial Interface when connected to an 8295. 
This software is similar to Figure 10 except it assumes that 
the 8251A has the same I/O port addresses as the 8295 
had in Figure 9. Note that the TXE (Transmitter Empty) 
flag is used to load data into the 8251A transmitting both 
characters in the transmitter (the transmitter is double 
buffered) if CTS goes inactive. The TXE flag allows only 
one character at a time in the transmitter so CTS going 
inactive simply finishes off the current character. The 
8295 accepts only one character at a time. 



PRINTER 

INTERFACE 
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flS»« :F1:35F15. SRC T1TLE('8295 flP NOTE FIGURE 15'5 


ISIS-II 8080^'8085 NflCRO ASSEMBLER, X108 MODULE PAiSE 1 

8295 AP MOTE FIGURE 15 

LOC OB.J SEQ SOURCE STATEMENT 

1 $H0D85 


5 ..S-i^TEM EQUATES 


2800 

4 PRTSRT 

DAI 

20C>0H 

■ POINTER STORAGE 

rwM 

5 TXE 

EQU 

04H 

,1XE FLAG MASK 

0031 

6 STS51 

EQU 

31H 

•3251 STATUS REGISTER PORT 

0031 

7 DflTfl51 

8 ; 

9 

EQli 

31H 

i8251 DAIA REQISIER PiTRT 

2030 

ORG 

2030H 



18 i 

11 i PRINT BUFFER OUTPUT SUBROUTINE - THIS ROUTINE PRINTS THE BUFFER 

12 ; STARTING AT THE POINTER STC«ED AT RfTSRT. THE ROITINE RETURNS WHEN 

13 ;A 0FFH IS FETCHED FRCH THE BUFFER 

14 i 

2030 E5 15 PRINT: PUSH H .SAVE HL 

2031 CS 16 PUSFi B ; SAVE 6C 

2032 2AD020 17 LHLD PRTSRT , GET KFFER POINTER 

2035 7E 18PRT1: MOV A,M ,iSET CHARACTER FROM BUFFER 

2036 47 19 MOV B,A ,SAVE IT IN B 

2037 FEFF 20 CPI 0FFH IS IT THE BUFFER END' 

2039 CA4A20 21 J2 PEXIT ;VES, GO EXIT 

203C D631 22 PRT2- IN STS51 ,NO, READ 8251 STATUS 

203E EG04 23 ANI TXE ; LOOK AT IXE FLAG 

2040 CH3C20 24 J2 PRT2 ;HAIT UNTIL rXE=l 

2043 78 25 MOV A,B ; RECOVER CHARACTER 

2044 D331 26 OUT DATR51 ;OUTPUT TO 8251 

2046 23 27 INX H ,6IJMP BUFFER POINTER 

2047 C33520 28 JMP PRTl ; GET NEXT CHARACTER 

29 i 

204A Cl 30PEXn: POP 6 ; RESTORE BC 

2048 El 31 POP H ; RESTORE HL 

204CC9 32 RET ; RETURN 

33 i 

34 END 

PUBLIC SVMBaS 


EXTERNAL SYMBOLS 


USER SYMBOLS 

DATA51 A 0031 PEXIT A 204A PRINT A 2838 PRTl A 2035 PRT2 A 203C PR1SRT A 2008 STS51 A 0031 
TXE A 0004 

ASSEMBLY COMPLETE, NO ERRORS 


Figure 15. 8251A Subroutine 


All mnemonics copyrighted ® Intel Corporation 1976. 


11-14 





Figure 16. 8295 Flow Chart 


8295 SOFTWARE 

For those readers using the 8295 as a design example for 
UPI software, the flow charts for the program are shown 
in Figure 16 and the 8295 source listing is included as 
Appendix A. (Machine readable source listings are 
available through Insite, the Intel User’s Library.) As an 
aid to understanding this software, the following obser¬ 
vations can be made: 

1. The 8295 uses only Register Bank 0. The function of 
registers R6 and R7 is determined by the mode. In 
parallel mode they are concantenated to form the 16 
bit DMA count register. In serial mode, R6 is a 
counter during character reception. 


2. Characters and commands are input from the Input 
Data register via the INPUT subroutine. The routine 
defines the input mode, fetches the data, and stores it 
in R2. If the DMA mode is enabled, the block count in 
R6 and R7 is decremented by the DECR routine each 
time a data transfer occurs until the count is 
exhausted. 


3. Characters are decoded by routine P6A which also 
detects any illegal characters by the INPUT routine. 
RO is assigned as the character buffer pointer and R4 
is designated as the buffer size limit. The commands 
which affect the buffer size will affect RO and R4. 
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uiicci jump laoie. me command routines are easy to 
understand from the listing hence they are not includ¬ 
ed in Figure 16 but simply referenced. 

5. Register R3 is the bit-oriented command register. Each 
bit of R3 represents an operating mode. This defini¬ 
tion is shown below. 


COMMAND REGISTER—R3 



6. After the character buffer has reached its limit 
(RO = R4) or a CR character is received, the contents 
of the buffer are printed. Subroutine PRINT loads RO 
with the address of the character to be printed and R2 
serves as an index to keep track of the current column 
within the character. Subroutine CHAR determines 
which ASCII table is accessed by setting or clearing 
flag FO. 


the 32 characters on Page 1 or 2 of the Program 
Memory ASCII table. The column index, R2, is then 
added to the result to address the current column. 
Each character is represented by 7 bytes. R2 indexes 
thru each byte to select the appropriate solenoid 
information. 

8. Subroutine COLS fetches the solenoid on-time and 
off-time constants from a table starting at location 
0F8H. The time is represented by a hex number which 
is used as a loop counter in a software timing loop. No 
character input is allowed while printing is in progress. 


CONCLUSION 

The 8295 is an excellent example of what can be done 
with the UPI-41A family. As a printer controller, it com¬ 
pletely relieves the main processor of all the real-time 
tasks associated with the control of the printer plus 
valuable system ROM space is not required to store the 
ASCII-to-dot matrix conversion table or the timing soft¬ 
ware since it’s all done in the 8295 itself. As a UPI design 
example, the 8295 illustrates the variety of data transfer 
interfaces available. If the 8295 itself does not fit your 
printer controller requirements, feel free to modify the 
8295 software contained in this application note or that in 
AP-27 and program your own 8741A. 
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APPENDIX A 


flSH48 ;F1:8295.SRC 

ISIS-II MCS-48/UPI-41 MflCRO flSSEHBLER. V2.0 PflGE 1 

LRC 7040 SERIES PRINTER CONTROLLER SOURCE CODE 

La OBJ SEQ SOURCE STATEMENT 


1 

2 

2 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 
28 
21 
22 
23 


«10042 TITLE<'LRC 7048 SERIES PRINTER CONTROLLER SOURCE COOEO 


;*♦ 8295 - LRC 7048 SERIES PRINTER CONTROLLER ♦♦ 

i♦* REV. 0 FOR 7X7 CHARACTER MATRIX ♦* 


; COPYRIGHT (C> 1978 
;INTEL CORPORATION 
; 3065 BONERS AVE. 

; SANTA aARA. CA. 95851 


** PA(jE0 contains the INITIALIZATION SEQUENCE THE OUTPUTING *♦ 
;*♦ OF DATA TO THE SaENIODS. THE SERIAL INPUT ROUTire THE ♦* 
;*♦ PAPER FEED ROUTINE.. AND THE SaENIOO FIRETIME ROUTINE *♦ 


lEJECT 


ISIS-II MCS-48A)PI-41 MACRO ASSEMBLER. V2.0 PAGE 2 

LRC 7040 SERIES PRINTER CONTRaLER SOURCE CODE 

LX OBJ SEQ SOURCE STATEMENT 


24 

25 

26 

28 ;♦* 



jHc 

29 

.^REGISTER ASSIGNMENT TABLE 

** 

30 ;*♦ 



as 

31 ; eeseejMtsss 



j|tes 

32 ** 



♦* 

33 

R8 

INPUT BUFFER POINTER 


34 

R1 

TEMPORARY STORAGE 

** 

35 

R2 

TEMPORARY STORAGE 

as 

36 

R3 

COMMAND REGISTER 

** 

37 

R4 

BUFFER SIZE 


38 

R5 

TEMPORARY STORAGE FOR DELAY ROUTINE 

a* 

39 

R6 

LON ORDER DMA COUNTER 

♦♦ 

40 .;*♦ 

R7 

HIGH ORDER DMA COUNTER 


41 

TIMER 

TEMPORARY STORAGE 

** 

42 



as 

43 . ♦♦♦sssssss 



*♦* 

44 




45 




46 lEJECT 





AM mnemonics copyrighted ® Intel Corporation 1976. 
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PflGE 3 


ISIS-II nCS-48/UPI-41 mCRO RSSEHBLER, V2.0 
LRC 7040 SERIES PRINTER CONTROLLER SOURCE CODE 

LOC OBJ SEQ SOURCE STATEMENT 


47 j 



48 ;** 


** 

49 ;*♦ 

RAM ASSIGNMENT lABLE 

** 

50 ;*♦ 


** 

51 i*******:¥^ 



52 ;*♦ 


** 

53 

RAM ADDRESS 

FUNCTION ** 

54 


** 

55 

00-07H 

REGlSltR BANK 1 ** 

56 ,*♦ 

08-14H 

PROGRAM STACK 

57 *♦ 

15-17H 

TAB POSITION STORAGE ♦* 

58 ;** 

18-40H 

CHARACTER BUFFER ** 

59 


** 

gP :±±t*****i 




61 

62 lEJECT 


ISIS-II NCS-48/UPI-41 mCRO ASSEMBLER, V2.8 PAGE 4 

LRC 7040 SERIES PRINTER CONTROLLER SOURCE CODE 

LOC OaJ SEQ SOURCE STATEMENT 

63 


54 : 

65 ,*♦ 

66 f ♦♦ 

67 ; 

COMMAND REGISTER DEFINITION 

** 

** 

** 

58 




69 .;*♦ 



** 

70 

BIT 7 

SERIAL MODE FLAG 

** 

71 ;*♦ 

BIT 6 

DMA MODE FLAG 

** 

72 ;♦* 

BIT 5 

DOUBLE HIDE FLAG 

** 

73 ;*♦ 

BIT 4 

32 COLUMNS/IINE 

** 

74 ;*♦ 

BIT 3 

RIGHT JUSTIFIED PRINT 

** 

75 :.** 

BITS 2,L0 INDICATE SOLENOID ON TINE 

** 

76 ;♦* 



** 

77 j ♦♦♦♦♦♦♦’W 



******* 


78 lEJECT 


All mnemonics copyrighted ® Intel Corporation 1976. 
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-TOTTOC -D^ni cncN I 


Mflfl 

OwO 


7^9 

80 

31 

ORG 

Wvn 

otWJ 

02 

82 INIT 

OUT 

DBB..8 ;S£T08F 

0001 

08 

S3 

IN 

R,P2 ..CHEDC SERIffl. STROP 

0002 

8208 

84 

JB5 

P8Rn 

0004 

8883 

35 

MOV 

R3..#838 iSET SERIHL BIT IN CHD 

WW> 

@40E 

86 

•IMP 

CLPl 

0008 

98K^ 

87 P8R8- 

nnL 

P2,#0BFH 

0068 

F5 

88 

EN 

FLAGS 

QOOD 

OwD 

E5 

89 

EN 

DM8 

oaoT 

WW.- 

8803 

90 

m; 

R3. #03U 

000E 

27 

91 CLPl 

CIR 

8 >CLEAR DH8 BUSV FL8G 

000F 

90 

92 

MfH,-' 

STS.fl 

0010 

BC40 

93 CLERf? 

MOV 

R4.. #40H i INITIALIZE BUFFER 

0012 

8818 

94 PG8IN; 

MOV 

R0.#i3H .INITIALIZE POINTER: 

0014 

27 

95 

CLR 

8 iRfSET STACK 10 SAVE TABS 

001?) 

D7 

96 

WV 

PSW.n STACK = 0.8LL FL8ijS = 8 

0016 

3414 

97 DECO 

iRLL 

INPUT 

0013 

3428 

96: 

CALL 

P6R : DECOC-E DATA 

0013 

FC 

93 

MOV 

R.R4 

001B 

liS 

100 

XPL 

8..R8 

001C 

9tlt 

101 

JNZ 

DECO 

00iE 

FE 

103 PRINT 

MOV 

8, R3 

001F 

CS 

104 

r€C 

P0 .LOCATE LftST CHRftCTER INPUT IF R. J. 

0020 

7224 

105 

jb: 

ON -CHECK FOP: RliiHT JUST. 

0022 

ms 

106 

MOV 

R0.#i:3H ; PRINT FROM THE ORIGIN 

0024 

98EF 

107 ON 

8NL 

P2..#0ErH iTURN DRIVE MOTOR ON 

0026 

4626 

108 NHOHE 

JNTl 

NHOHE WAIT FOR HOME SWITCH 

0028 

2340 

109 

MOV 

8..#40H i STALL 

0028 

54F8 

110 

CRLL 

WAIT 

002i: 

BR06 

111 XFER- 

MOV 

R2.#06H .;RJ COL IND0< 

002E 

FB 

112 

MOV 

8..P3 .aiECKFORRJ 

002F 

7233 

113 

JB3 

CHAP ;RJ TRUE 

0031 

BFI00 

114 

MOV 

R2..#^ ..INDEX FOR NORM. PRINTING 

00:v:< 

F0 

115 CHfiR: 

MOV 

A..0R8 .FETCH aiARACTER 

0034 

85 

116 

iXP 

F0 ;P0 DETERMINES HHICJI CHARACTER TABLE 

0035 

8238 

117 

JB5 

PAGE 

0037 

95 

118 

CPL 

F0 

0038 

54E0 

119 P8GE: 

CRLL 

XS2 iFETCH COL. FROM TABLE 

0038 

89 

120 

MOV 

Rl.fl 

0038 

FB 

121 

MOV 

fl,R3 ; CHECK FOR D.W. 

003C 

823F 

122 

JB5 

NOTS 

003E 

95 

123 

cn 

F0 .:F0 INDICATES D. H. MODE 

003F 

r9 

124 NOTS: 

MOV 

A.R1 

QQiiQ 

WrW 

1478 

125 

CRLL 

FIRE ; PRINT COL. 

0042 

FB 

126 

MOV 

A.R3 CHECK RJ 

0043 

724D 

127 

JB3 

RJP 

0045 

2306 

128 

MOV 

A. »e6H 

004? 

m 

129 

XRL 

A.R2 

0048 

18 

130 

INC 

R2 

0049 

9633 

131 

JNZ 

CHAR .F1?INT NEXT COL. 

0048 

0452 

132 

JMP 

LSTCOL 

004D 

27 

133 RJP. 

CLR 

A iCICCK RJ. FIRE COLS. IN REVERSE ORDER 


All mnemonics copyrighted © Intel Corporation 1976. 
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PAGE 6 


ISIS'II HCS-48/UPM1 MACRO ASSEMBLER. V2. 0 
LRC 7040 SERIES PRINTER CONTROLLER SOURCE CODE 


LX OBJ 

SEQ 


SOURCE STATEMENT 

004E DA 

134 


XRL 

A.R2 

004F CA 

135 


DEC 

R2 

0050 9633 

136 


JNZ 

CHAR 

0052 B656 

137 

LSTCOL 

: JF0 

A4 

0054 1480 

138 


CALL 

COLS 

0056 237F 

139 

A4; 

NOV 

A.#7FH 

0058 39 

140 


XTL 

PI. A 

0059 2319 

141 


MOV 

A.tl9H 

005B 54F8 

142 


CALL 

HAIT 

005D FB 

143 


NOV 

A.R3 

005E 7264 

144 


JB3 

RJ2 

0060 FC 

145 


MOV 

A.R4 

0061 18 

146 


INC 

R0 

0062 0467 

147 


JMP 

CK 

0064 2317 

148 

RJ2: 

NOV 

A.»17H 

0066 C8 

149 


DEC 

R0 

0067 D8 

150 

CK 

XRL 

A.R0 

0068 962C 

151 


JNZ 

Jfl^ER 

006fl 5668 

152 

HOME; 

JTl 

HOME 

006C 2320 

153 


MOV 

A.«20H 

006E 54F8 

154 


CALL 

HAIT 

0070 8A10 

155 


ORL 

P2.#10H 

0072 0412 

156 


JMP 

AGAIN 


157 




0074 FB 

158 

DMAIN 

NOV 

A.R3 

0075 F27fl 

159 


JB7 

SERROR 

0077 D677 

160 

INBUF; 

JMIBF 

INBUF 

0079 22 

161 


IN 

A.D6B 

007fl 93 

162 

SERROR 

; RETR 



163 

164 

165 


007B B67F 

166 FIRE: 

JF0 

saE 

007D 09 

167 

IN 

A. PI 

007E 59 

168 

ANL 

aRi 

007F 39 

169 SaE: 

OUTL 

PI. A 

0080 FB 

170 CaS: 

MOV 

aR3 

0081 43F8 

171 

ORL 

A. I0F8H 

0083 R3 

172 

NOVP 

A.0A 

0084 530F 

173 

ANL 

A.I0FH 

0086 8980 

174 

ORL 

P1.*80H 

0088 54F8 

175 

CALL 

HAIT 

008A 997F 

176 

ATI 

P1.#7FH 

00X FB 

177 

MOV 

A.R3 

008D 43F8 

178 

ORL 

A.I0F8H 

008F A3 

179 

HOVP 

A.0A 

0090 47 

180 

SNAP 

A 

0091 530F 

181 

ANL 

A.V0FH 

0093 28 

182 

XCH 

A.R3 

0094 9299 

183 

JB4 

C18 

0096 26 

184 

XCH 

A.R3 

0097 049C: 

185 

JMP 

CON 

0099 26 

186 C10 

XCH 

A.R3 

009A 0306 

187 

ADD 

A.i06H 

009C B6A3 

188 CON 

JF0 

SING 
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; INCR POINTER 


;DECR POINTER 

ikElURN FOR rCXT CHAR. 
:SENSE HOME UM> 
.STALL 

;ST0P DRIVE MOTOR 
;NEXT LIKE 

;EXIT IF SERIAL MODE 
.SERIAL CMD ERROR 
;HAIT FOR DMA PARAMS. 


;D.M. AND PREVIOUS COL. 

.OUTPUT TO SOL. 

.A GETS ON TINE 


; STROBE SOLENOIDS 

.DISABLE SOL. STROBE 
;A GET OFF TIME 


INCREASE BIAS FOR 10C/I 
;SKIP IF SINGU 
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ISIS-II HCS-48/UPI-41 HflCRO ASSEMBLER, V2. 8 
LRC 7040 SERIES PRINTER CONTROLLER SOURCE CODE 

LOC OBJ SEQ SOURCE STATEMENT 


009E 0314 

189 

ADD 

afti4H 

; ADD 7 TO OFFTIHE IF D. H. 

00A0 29 

190 

XCH 

A,R1 

.iSAVE PREVIOUS COL. 

00A1 39 

191 

OUTL 

PI, A 

;SAVE PREVIOUS COL. 

00A2 29 

192 

XCH 

aRi 


00A3 44F8 

193 SING 

JMP 

WAIT 



194 

195 

197 SERIAL ROUTINE, ASSEMBLES THE DESIRED DATA FROM THE 

198 ; SERIAL INPUT AND aACE THE DATA IN THE ACCUMULATOR. 

200 


00A5 9ABF 

201 CTS: 

ANL 

P2,#8BFH REQUEST/‘CTS 

00A7 0A 

202 ONE 

IN 

A,P2 ,LOOP UNTIL START BIT FOUND 

00A8 F2A7 

203 

JB7 

ONE 

ggoo DoaO 
wunn 03W, 

284 

MOV 

Rl,#8 ; RESET TEMP REG 

00AC BR09 

205 

MOV 

R2,#09H ..SET INDEX 

00AE 09 

206 

IN 

A, PI ,BIAS 

00AF 74E0 

207 

CALL 

HBIT ; WAIT 1/2 CVUE 

00B1 0A 

288 

IN 

A,P2 ,i::HECK FOR START BIT 

00B2 F2A7 

209 

JB7 

ONE ..WRONG STHRT BIl 

0064 BE03 

210 

NOV 

R6,#03H 

0066 EEB6 

211 LZ: 

DJN2 

R6,LZ 

0068 EACE 

212 CONT: 

DJNZ 

R2,L0AD iLORD THE EIGHT BITS 

006A 8A48 

213 

ORL 

P2,#48H j DISABLE /tTS 

0060 BE06 

214 

MOV 

R6,«06H ;BIAS 

006E EE6E 

215 H14: 

DJNZ 

R6,H14 ;WAIT 

08C0 74E0 

216 

CfiLl 

HBIT 

00C2 74E0 

217 

CALL 

HBIT 

00C4 0A 

218 

IN 

R,P2 

00C5 37 

219 

CPL 

A ;CHECK STOP BIT 

00C6 F2A7 

228 

JB7 

ONE , WRONG STOP BIT 

00C8 F9 

221 

MOV 

A,R1 

00C9 F7 

222 

ac 

A 

00CA 537F 

223 

ANL 

A,#7FH 

00CC AA 

224 

Mffy' 

R2..A 

00CD 93 

22‘5 

RETR 



226 




227 



00CE 74E0 

228 LOAD 

CALL 

HBIT ; DELAY 1 CYCLE 

00D0 74E0 

229 

CALL 

HBIT 

08D2 BE83 

230 

MOV 

R6,«03H 

00D4 EED4 

231 LI: 

DJNZ 

R6,L1 

00D6 00 

232 

MOP 


00D7 0A 

233 

IN 

A,P2 .INPUT SERIAL BIT 

00D8 5388 

234 

ANL 

A,I88H iMASKBIT 

00DA 49 

235 

ORL 

A,R1 -ADD PREVIOUS BITS 

00DB 67 

236 

RRC 

A 

00OC A9 

237 

NOV 

R1,A 

00DD 8468 

238 

JMP 

CONT FINISH JOB 


239 



0eDF 9AFE 

240 PF; 

ANL 

P2,#0FEH ;PF MOTOR ON 

00E1 6986 

241 

NOV 

RLIBAH 

00E3 2388 

242 P3C 

NOV 

A,i088H 

08E5 54F8 

243 

CALL 

WAIT 
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LOC OBJ 

SEQ 

SOURCE STATEMENT 

00E7 E9E3 

244 

DJNZ 

R1.P3C 

00E9 F8 

245 IT0; 

MOV 

A.R0 jDELAY CONTANT =BUFF POINTER (18H TO 40H> 

90EA 26EA 

246 ITl 

JNT0 

ITl 

00EC 54F8 

247 

CALL 

MAIT ;DELAV =1MS TO 2 5MS 

00EE 36E9 

248 

JT0 

IT0 

00F0 23F3 

249 

MOV 

A.#0F3H ; STALL 

80F2 54F8 

250 

CALL 

UAIT 

00F4 8A01 

251 

ORL 

P2.i01H ;PF MOTOR OFF 

00F6 93 

252 P3F 

RETR 



253 



00F8 

254 

ORG 

0F8H j SOL ON TI« CONSTANTS 

00F8 D4 

255 

DB 

0D4H ;200USONTIME 

00F9 C5 

256 

06 

0C5H i240 

00FR Bb 

257 

OB 

0B6H j280 

00FB A7 

258 

DB 

0R7H ;320 ; DEFAULT 

00FC 98 

259 

DB 

98H ;360 

00FD 89 

260 

DB 

89H ; 400 

00FE 7A 

261 

DB 

7AH .:440 

00FF 66 

262 

DB 

6BH .480 


263 




264 








266 • PAGE 1 INPUTS 

DECODES. AND EXECUTES COMMANDS AND DATa 


2^7 ; :{ii:¥^^titit:icitc4i^^**4*i^t******************m***ilt***im**^^ 


268 



0100 

26? 

ORG 

100H 

0100 00 

270 

NOP 


0101 B5 

271 

DB 

(SOI ANC-0FFH) ; ADDRESS FOR SET OUTPUT 1 

0102 62 

272 

DB 

(SO2AND0FFH> ;S02 

0103 68 

273 

DB 

(ROl AND 0FFH) ;R01 

0104 68 

274 

DB 

<R02 AND 0FFH> ;R02 

0105 BE 

275 

06 

(RESET AND 0FFH) ; RESET 

0106 AS 

276 

DB 

(B32 AND 0FFH) ;B32 

0107 E4 

277 

DB 

vB40 ANC« 8FFH> iB40 

0108 ER 

278 

DB 

(DNCf AND 0FFH) .DHDE 

0109 C9 

279 

DB 

(SDMA AND 0FFH) .:SDMA 

0ieA Ae 

280 

DB 

(SSOL AND 0FFH) ;SSOL 

0106 88 

281 

DB 

(SLF m 0FFH) ;SLF 

010»: 81 

232 

DB 

(MLF AND 0FFH) .;MLF 

010D 84 

283 

DB 

<TOFAND0FFH) >TOF 

010E DE 

284 

DB 

<CRAND0FFH) iCR 

010F 72 

285 

DB 

(TiAND0FFH) ;T1 

0110 72 

286 

DB 

(T2 AND 0FFH) ;T2 

0111 72 

287 

DB 

(T3AND0FFH) ;T3 

0112 F9 

288 

DB 

(RJAND0FFH) ;RJ 

0113 A0 

289 

DB 

(SSOL AT® 0FFH) ;SSOL 


290 




291 




292 



0114 FB 

293 INPI.rr: 

MOV 

aR3 

0115 F226 

294 

JB7 


0117 37 

295 

CPL 

A 

0118 D21C 

296 

.TB6 

NODECR 

011A 8A40 

297 

ORL 

P2.#40H ;SET DRQ FOR DMA 

011C DGIC 

298 NOOECR 

: JNIBF 

NODECR ; SHARED BV PARALLEL i DMA 
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LX XJ 

SEQ 

SOURCE STATEMENT 

01iE 22 

299 

IN 

A..DBB 

011F 537F 

300 

An 

A..#7FH 

0121 flfl 

301 

MOV 

R2,A 

0122 3462 

302 

CALL 

DECR .;DEC DMA CXWT FOR DMA 4 PARflLa 

0124 Ffl 

303 

MOV 

A..R2 ;DATA STORED IN A 4 R2 

0125 93 

304 

RETR 

.;RET 4 RE5TC»€ aAGS 

0126 04ft5 

305 VUE; 

306 

JMP 

CTS SERIAL- USE SERIAL INPUT ROUTINE 

0128 74ED 

307 P6fl 

CALL 

SPCR .anCK FOR SPECIAL CASE CR 

012fl D24E 

308 

JB6 

CHECKS 

012C 8250 

309 

JB5 

DATA ;t>CCK FOR VXID CHAR. 

012E D309 

310 

XRL 

A.#09H ..IRE;? 

0130 9656 

311 

JfIZ 

CMD ; COMMAND 

0132 8915 

312 TRB: 

MOV 

R1.#15H ;R1 GETS TABCI3 

0134 8R03 

313 

MG'/ 

P2.- #03H 

0136 H 

314 P6B6: 

MiDV 

A.i?Rl .CHECK TAB 

0137 F24D 

315 

.TB7 

TERROR .; LIMIT TAB TO BMHX 

0139 D24D 

316 

.186 

TLRRiTP 

0138 37 

317 

CFl 

A 

013C 17 

313 

INC 

A 

013D 68 

319 

ADD 

A.R0 

013E FI 

320 

MOV 

R.0R1 ;A GET TAB LX. 

013F E645 

321 

M 

P6AA . MND WHICH TX 

0141 19 

322 

INC 

R1 

0142 Eft36 

323 

DJNZ 

R2..P6BB 

0144 FC 

324 SPRL 

MOV 

R,R4 EXCEED ALL TX FILL IN BLANKS 

0145 m 

325 P6flH: 

MOV 

R2..A 

0146 8020 

326 RTRB: 

MOV 

0R0.*20H 

0148 18 

327 

INC 

R0 

0149 Eft 

328 

MOV 

A..R2 

014fl D8 

329 


A..R0 ;FILL IN BLANKS 

0148 9646 

330 

JN2 

RTA3 

014D 93 

331 TERROR 

332 

RETR 


014E 8255 

333 CHECKS; 

JB5 

SEND 

0150 Ff) 

334 DATA 

MOV 

A.R2 

0151 fl0 

335 

MOV 

0R0.A 

0152 18 

336 

INC 

R0 

0153 54ED 

337 

cm 

PEON iSET SPECIAL FLAG FOR LAST DATA CHARXTER 

0155 93 

338 SEND; 

339 

RETR 


0156 8914 

340 CHD; 

NOV 

R1..*14H ;R1 EQ INDEX 

0158 FR 

341 PTC: 

NOV 

A.R2 .:R GETS CMD 

0159 17 

342 

INC 

A 

815fl D9 

343 

XRL 

R.R1 

0158 C660 

344 

J2 

FOUND ;MA1CH ? 

015D E958 

345 

DJNZ 

R1..P7C 

015F 93 

346 

RETR 



347 



0160 F9 

348 FOUND: 

NOV 

A.R1 

0161 83 

349 

JMPP 

@A ; JUMP INDIRECT TO CMD ROUTINE 


350 



0162 FE 

351 DECR: 

MOV 

A.R6 

0163 9670 

352 

JNZ 

LARS ;DEC R6.R7 AS REG PRIR.RET ON 0 

0165 4F 

353 

ORL 

H.R7 


All mnemonics copyriohted © Intel Corporation 1976. 


11-24 




FflGE 10 


ISIS-II MCS-48AIPI-41 MRCRO ASSEMBLER, V2. 8 
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LOC 0B.T 

SEQ 

SOURCE 

STATEMENT 

0166 966F 

354 

JNZ 

NRST 

0168 2B 

355 

XCH 

A,P3 

0169 53BF 

356 

AfiL 

A,ieBFH 

016B 2B 

357 

XCH 

A.P3 

016C 90 

358 

MOV 

STS, A 

016D 3A20 

359 

ORL 

P2,#20H iEim - INTFWiPT 

016F CF 

360 NRST: 

DEC 

R7 

0170 CE 

361 LAPS: 

DEC 

R6 

0171 93 

362 

RETR 



363 

364 

365 • :f 

366 ; COHHfiNO LOOK IP TABLE. 

367 ; 

368 
36? 



370 T1 

■ A = 

ADDR OF CMD JI.IMP IN CMD lABLE 


371 T2 

iA = 

F.l OR 0 


0172 17 

372 T3: 

INi: 

A 

;A=0,1,OR 2H 

0173 5303 

373 

ANL 

A,#03H 

iMflSir SIGNIFICANT BUS 

0175 0315 

374 

ADD 

fi,.#15H 

AOrUM = 15.. 16, OR 17H -<RAM LOCATIONS FOR TABS) 

0177 62 

375 STAB: 

NOV 

T.A 

;TEMP STORAGE FOR TAB 

0178 3414 

376 

CALL 

imj 


017A 0318 

377 

ADD 

A, «18H 


017C A9 

378 

MOV 

PI, A 


017D 42 

379 

MOV 

A,T 


017E 29 

380 

XCH 

A,R1 


017F A1 

381 

MOV 

0R1,A 


0180 93 

382 

PETR 




383 




0181 85 

384 MLF: 

aR 

F0 

.MULTIPLE LINE FEED 

0182 248A 

385 

JMP 

LF 



386 




0184 97 

387 TOF: 

CLR 

C 

,Tnp OF FORM 

0185 A7 

388 

CPL 

c 


0186 248A 

389 

W 

LF 

iLRAF 


390 




0188 85 

391 SLF: 

aR 

F0 

, SINGLE LINE FEED 

0189 95 

392 

CPL 

F0 


018A F69C 

393 LF. 

JC 

P12B 

.aPJTOF 

018C B693 

394 

JF0 

P12A 

.SINGLE LF 

018E 3414 

395 

CALL 

INPUT 


0190 AR 

3% 

NOV 

R2,A 


0191 C69B 

397 

J2 

P12C 


0193 140F 

398 P12A: 

CALL 

PF 


0195 F69C 

399 

JC 

P12B 


0197 B69B 

400 

JF0 

P12C 


0199 Efl93 

401 

DJNZ 

R2,P12A 

;DECR. 1 OF LINES 

019B 93 

402 P12C: 

RETR 



019C 0A 

403 P12B: 

IN 

A,P2 


019D 3293 

404 

JBl 

P12A 


019F 93 

405 

RETR 




406 




01A0 3414 

407 SSOL: 

CALL 

INPUT 

; FETCH SOL. ON TIME 

01A2 2B 

408 

XCH 

A,R3 



All mnemonics copyrighted © Intel Corporation 1976. 


11-25 



3JA«KLt bfHItntNT 


01fl2 53F8 

409 

8NL 

8,i0F8H ;aE8R PREV. Sa TIME 

8iR5 6B 

410 

8DD 

8.R3 

eiR6 2B 

411 

XCH 

8,R3 

01ft7 93 

412 

PETR 



413 



01R8 FB 

414 B32 

MOV 

8,R3 ;32 CHBRflCTER B1.FFER 

0189 4310 

415 

ORL 

flftlOH 

01RB 53DF 

416 

8NL 

R.*0DFH 

01HD 86 

417 

MOV 

R3,8 

018E BC39 

418 

MOV 

R4.I39H ;33 CHRP /LINE 

01B0 0412 

419 

JMP 

8G8IN 


420 



01B2 8804 

421 502 

ORL 

P2..#04H ..SET G02 

81B4 93 

422 

RETR 



423 



01B5 8808 

424 SOI; 

ORL 

P2.I08H ,SET GOl 

01B7 93 

425 

RETR 



426 



01B8 98F6 

427 R02: 

8NL 

P2..#0FeH .PRESET G02 

01B8 93 

428 

RETR 



429 



01B8 98F7 

430 ROl 

8NL 

P2.i0F7H /RESET GOl 

01BO 93 

431 

RETR 



432 



01BE 89FF 

433 RESET; 

ORL 

P1..#0FFH .RESET PORT 1 

01C0 23BF 

434 

MOV 

8.i06FH 

01C2 38 

435 

OUTL 

P2.8 /RESET PORT 2 

01C3 FB 

436 

MOV 

flR3 .RESET CMD EXCEPT FOR 5ERI8L « SiX 

01C4 5387 

437 

8NL 

8.i87H 

01C6 8B 

438 

MOV 

R3..R 

01C7 040E 

439 

JMP 

aRl , CLE8R STS * RESET ST8CK 

01C9 1474 

440 SDH8; 

C8LL 

DM8IN 

01CB 8E 

441 

MOV 

R6.8 .LORD DM8 COUNTERS 

01CC 1474 

442 

C8LL 

DMRIN 

01CE 98DF 

443 

8NL 

P2.#0DFH .;CLE8R INT PIN 

01D0 8F 

444 

MOV 

R7.8 

01D1 4E 

445 

ORL 

8.R6 

01D2 C662 

446 

JZ 

DECR 

01D4 3462 

447 

C8LL 

DECR 

01D6 2B 

448 

XCH 

ilR3 

01D7 4340 

449 

ORL 

8.#40H jSETOMRFLRG 

01D9 2B 

450 

XCH 

8.R3 

01D8 2310 

451 

MOV 

8.tl0H .SET FL8G FOR TELL HOST DMR ON 

01DC 90 

452 

MOV 

STS-. 8 

01DD 93 

453 

RETR 



454 



01OE 42 

455 CR; 

MOV 

8.T /CHECK BMRX+1 FL8G 

81DF D30D 

456 

XRL 

R.I0DH /IFBUF PRINTED HUTO, NO CR 

01E1 9644 

457 

JNZ 

SPRL 

01E3 93 

458 

RETR 



459 




460 



01E4 FB 

461 B40 

MOV 

flR3 /40 CH8R8CTER BUFFER 

01E5 53CF 

462 

8NL 

HieCFH 

01E7 86 

463 

MOV 

R3.8 
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LX OBJ 

SEQ 

SOURCE STATEMENT 

01E8 0418 

464 

JMP 

CLEAR 


465 




466 




467 



81EA 2320 

468 DUDE 

MOV 

A.i20H ; DOUBLE HIDE PRINT MODE 

01EC 4B 

469 

ORL 

A.R3 ;SETDUBIT 

81ED AB 

478 

MOV 

R3..A 

01EE B818 

471 

MOV 

R0.tl8H .CLEAR BUFFER POINTER 

01F0 FC 

472 

MOV 

aR4 

01F1 D2F6 

473 

JB6 

X0 

01F3 BC2A 

474 

MOV 

R4.I2AH .32 CHAR. BUFFER 

01F5 93 

475 

RETR 


81F6 6C2C 

476 X0. 

MOV 

R4.t2CH . 40 CHAR BUFFER 

01F8 93 

477 

RETR 



478 



01F9 FB 

479 RJ: 

MOV 

A.R3 iSET RJ BIT IN CMD 

01FA 4308 

480 

ORL 

A.«08H 

01FC AB 

481 

MOV 

R3..A 

01FD 93 

482 

RETR 



482 

484 

485 


487 i MBIT SUBR. AND THE DATA CONSTANTS ARE IN PAGE 3 
489 

03E0 490 ORG 3E0H 

491 

03E0 22 492 MBIT IN 8.088 : CHECK D8B FOR BtJAD RATE 

03E1 43F8 493 ORL A.I0F8H 

03E3 A3 494 HOVP A,0R 

03E4 AE 495 MOV R6.A 

03E5BF03 496 LOOPl MOV P7,#03H . 25US PER LOOP PAIR 

03E7 EFE7 497 L00P2 D-.INZ R7.L00P2 

03E9 EEE5 498 DJNZ R€. LOOPl 

03EB 0A 499 IN fl..P2 

03EC 93 500 RETR 

501 

03ED D30D 502 SPCR :<RL A.I8DH ;CHECK CR FLAG-EXIT IF TRUE 

03EF 96F5 583 JNZ XCR 

03F1 34DE 504 CALL CR 

03F3 BAFF 505 MOV R2.I8FFH i DO NOT EXECUTE CP Ti-nr: 


03F5 FA 

506 XCR 

MOV 

A.R2 


03F6 62 

507 

MOV 

T.A 


03F7 93 

508 

RETR 




509 




03F8 

510 

ORG 

3F8H 



5U 




03F8 B2 

512 

D6 

062H 

;110 BAUD 

03F9 84 

513 

D6 

084H 

.150 

83FA 48 

514 

DB 

40H 

i300 

03FB IF 

515 

D8 

IFH 

.680 

03FC 0E 

516 

DB 

0EH 

;1200 

03FD 06 

517 

DB 

06H 

;2400 

03EE 02 

518 

D8 

02N 

;4800 
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LOC OBJ SEe SOURCE STATEMENT 

03EF 02 519 DB 02H ;4d00 

520 

522 OTHER THAN CHAR TABLE. MBIT AND XS2 ROUTINES EXISTIN PAGE2 
524 


e2E0 

525 

ORG 

2E0H 


02Ee 531F 

526 XS2 

ANL 

A,ilFH 

;FIND 1 ADJUST CHARACTER INDEX 

02E2 A9 

527 

MOV 

R1..A 

.MULTIPLV INDEX BV ? 

02E3 E7 

528 

RL 

A 


02E4 E7 

529 

RL 

A 


02E5 69 

530 

ADD 

R.R1 


02E6 69 

531 

ADO 

A,R1 


02E7 69 

532 

ADD 

A.R1 


02E8 6A 

533 

ADD 

fi.R2 

•ADO COLUMN INDEX TO CHARACTER INDEX 

02E9 66F5 

534 

JF0 

PRGE3 


02EB E3 

535 

KOVP3 

A..0A 


02EC 83 

536 

RET 



02ED FC 

537 PEON: 

NOV 

A..R4 

;SET SPECIAL CR FLAG IF LAST CHAR IS DATA 

02EE m 

538 

XRL 

A..R0 


02EF 96F4 

539 

JNZ 

FSPA 


02F1 230D 

540 

MOV 

A..#0DH 


02F3 62 

541 

IHDV 

T.A 


02F4 93 

542 FSPA: 

543 

544 

RETR 



02F5 A3 

545 PAGE3: 

MOVP 

A.0A 


02F6 85 

546 

aR 

F0 


02F7 83 

547 

RET 



02F8 BD06 

548 WAIT; 

NOV 

R5.406H 


02FA EDFA 

549 C0N>:: 

DJN2 

R5.C0NX 

.. 40US PER COUNT OF ACC 

02FC 07 

550 

DEC 

A 


02FD 96F8 

551 

JNZ 

UAIT 


82FF 93 

552 

RETR 




553 

554 

555 

557 ; CHARACTER TABLE IN PAGE 2. 

558 : MSB IS IGNORED. DATA INVERTED 

559 . SEE EXAMPLE fA) 



561 



0200 

562 

ORG 

200H 


563 



0200 41 

564 

DB 

41H 

0201 3F 

565 

DB 

3FH 

0202 62 

566 

DB 

62H 

0203 3F 

567 

DB 

3FH 

0204 62 

568 

DB 

62H 

0205 3F 

569 

DB 

3FH 

0206 43 

570 

DB 

43H 


571 



0207 70 

572 

DB 

70H 

0208 6F 

573 

06 

6FH 


All mnemonics copyrighted ® Intel Corporation 1976. 
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ISIS-II I1CS-48/UPI-41 HflCRO ASSEMBLER. V2. 0 
LRC 7040 SERIES PRINTER CONTROLLER SOURCE CODE 


PAGE 14 


ISIS-II l1C:S-48/l^I-41 MACRO ASSEMBLER.. V2. O 
LRC 7040 SERIES PRINTER CONTROLLER SOURCE CODE 


PAGE 15 


LOC 

OBJ 

SEQ 

SOURCE 

STATEMENT 


LCC OBJ 

SEQ 

SaiRCE 

STATEMENT 

0209 

56 

574 

OB 

5BH 

■ —*—*_ 

0239 7F 

629 

06 

7FH 

020A 

3F 

575 

D6 

3FH 

-*- 

023A 77 

636 

OB 

77H 

020B 

5B 

576 

06 

56H 

“♦— 

0236 7F 

631 

06 

7FH 

020C 

6F 

577 

OB 

6FH 

—e- 

023C 77 

632 

OB 

77H 

0200 

70 

578 

OB 

70H 

; - 

0230 7F 

633 

08 

7FH 



579 




023E 00 

634 

OB 

00H 

020E 

3E 

580 

OB 

3EH 

.6 


635 



020F 

41 

581 

06 

41H 


023F 7F 

636 

06 

7FH 

0210 

3E 

582 

06 

3EH 


0240 3E 

637 

OB 

3EH 

0211 

77 

583 

06 

77H 


0241 7F 

638 

06 

7FH 

0212 

3E 

584 

r« 

3EH 


0242 00 

639 

OB 

O0H 

0213 

77 

585 

OB 

77H 


0243 rT 

640 

06 

7FH 

0214 

49 

586 

06 

49H 


0244 3E 

641 

06 

3EH 



587 




0245 7F 

642 

OB 

7FH 

0215 

41 

588 

08 

41H 



643 



0216 

3E 

589 

OB 

3EH 


0246 70 

644 

06 

7DH 

0217 

7F 

590 

OB 

7FH 


0247 ?E 

645 

OB 

TEH 

@218 

3E 

591 

OB 

3EH 


0248 7F 

646 

OB 

7FH 

0219 

7F 

592 

06 

7FH 


0249 7E 

647 

OB 

TEH 

021A 

3E 

593 

06 

3EH 


024A 7F 

648 

06 

TFH 

021B 

5D 

594 

06 

5DH 


024B 7E 

649 

r-B 

TEH 



595 




024C 01 

650 

OB 

01H 

021C 

3E 

596 

OB 

3EH 

.0 


651 



021D 

41 

597 

06 

41H 


0240 00 

652 

06 

00H 

02 IE 

3E 

598 

06 

3EH 


024E 7F 

653 

06 

TFH 

02’IF 

7F 

599 

06 

7FH 


024F 6F 

654 

06 

6FH 

0220 

3E 

600 

06 

3EH 


0250 77 

655 

06 

77H 

0221 

7F 

601 

OE: 

7FH 


0251 5B 

656 

06 

5BH 

022*2 

41 

602 

06 

41H 


0252 70 

657 

06 

7DH 



603 




0253 3E 

658 

06 

3EH 

0223 

00 

604 

OB 

00H 

• E 


659 



0224 

7F 

605 

06 

7FH 


0254 00 

660 

OB 

00H 

0225 

36 

606 

OB 

36H 


0255 7F 

661 

OB 

TFH 

0226 

7F 

607 

06 

7FH 


0256 7E 

662 

OB 

TEH 

0227 

36 

608 

OB 

36H 


0257 

663 

06 

TFH 

0228 

7F 

609 

OB 

7FH 


0258 7E 

664 

OB 

TEH 

0^29 

3E 

610 

OB 

3EH 


0259 7F 

665 

C-B 

TFH 



611 




025A 7E 

666 

OB 

TEH 

022A 

00 

612 

08 

00H 

■ F 


667 



022B 

7F 

613 

OB 

7FH 


0256 40 

668 

06 

40H 

022C: 

37 

614 

08 

37H 


025C 3F 

669 

06 

3FH 

022D 

7F 

615 

OB 

7FH 


0250 5F 

670 

06 

5FH 

022E 

37 

616 

OB 

37H 


025E 67 

671 

06 

67H 

022F 

7F 

617 

OB 

7FH 


025F 5F 

672 

06 

5FH 

0230 

3F 

618 

06 

3FH 


0260 3F 

673 

06 

3FH 



619 




0261 40 

674 

06 

40H 

0231 

41 

628 

OB 

41H 



675 



0232 

3E 

621 

OB 

3EH 


0262 20 

676 

06 

20H 

0233 

7F 

622 

OB 

7FH 


! 0263 5F 

677 

06 

5FH 

0234 

3E 

623 

OB 

3EH 


0264 6F 

678 

06 

6FH 

0235 

7B 

624 

06 

7BH 


0265 77 

679 

06 

77H 

0236 

3E 

625 

06 

3EH 


0266 76 

688 

06 

76H 

0237 

59 

626 

06 

59H 


0267 70 

681 

06 

7DH 



627 




' ^68 02 

682 

06 

02H 

0238 

00 

628 

06 

OTn 



683 




All mnemonics copyrighted © Intel Corporation 1976. 
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ISIS-II «CS-48/UPI>41 NflCRO flSSEHBLER. V2 9 
LPC 7040 SERIES PRINTER CONTRULLER SO»JRC£ CODE 


PftGE 16 


ISIS'lI MCS-48/UPI-41 NfiCRO fiSSENBLER. V2 0 
LRC 7040 SERIES PRINTER CONTROLLER SOURCE CODE 


PfiGE 1? 


LOC OBJ 

5EQ 

SOURCE 

STATEMENT 


LOC OBJ 

SEQ 

SOURCE STATEMENT 

0269 41 

684 

OB 

41H 

;0 


739 



0260 3E 

685 

OE: 

3EH 


029fl 07 

740 

OB 

07H 

0268 7F 

686 

OB 

7FH 


029B 7B 

741 

06 

m 

026C 2E 

687 

OB 

3EH 


029C 70 

742 

06 

7DH 

0260 7F 

688 

OB 

>TH 


0290 7E 

743 

OB 

7EH 

026E 3E 

689 

06 

3EH 


029E 70 

744 

06 

70H 

026F 41 

690 

OB 

41H 


029F 7B 

745 

OB 

7BH 


691 




02fi0 07 

746 

06 

07H 

0270 08 

692 

OB 

00H 



747 



0271 7F 

693 

OB 

7FH 

.P 

82R1 01 

743 

OB 

01H 

0272 37 

694 

OB 

37H 


02fl2 7E 

749 

06 

TEH 

0273 7F 

695 

C-B 

7FH 


02H3 70 

750 

06 

7DH 

0274 37 

6% 

OB 

37H 


02H4 73 

751 

OB 

73H 

0275 7F 

697 

OB 

7FH 


02fi5 70 

752 

OB 

70H 

0276 4F 

698 

09 

4FH 


82fl6 7E 

753 

OB 

TEH 


699 




02B7 01 

754 

OB 

01H 

0277 41 

700 

OB 

41H 



755 



0278 3E 

701 

m 

3EH 


02H8 3E 

756 

06 

3EH 

0279 7F 

702 

OB 

7FH 


02R9 50 

757 

OB 

50H 

0270 3F 

703 

OB 

3FH 


02RA 6B 

758 

OB 

6BH 

027B 70 

704 

OB 

7flH 


02fiB 77 

759 

OB 

77H 

027C 30 

705 

OB 

30H 


029C 6E 

760 

OB 

66H 

0270 42 

706 

OB 

42H 


82RD 50 

761 

OB 

50H 


iW 




02flE 3E 

762 

DE: 

3EH 

827E 00 

708 

OB 

d0H 

;R 


763 



027F 7F 

709 

OB 

7FH 


02flF 3F 

764 

OB 

3FH 

0280 37 

710 

OB 

37H 


02B0 5F 

765 

06 

5FH 

0281 7F 

711 

OB 

7FH 


02E:l 6F 

766 

09 

6FH 

0282 33 

712 

06 

33H 


02B2 70 

767 

OB 

70H 

0283 70 

713 

OB 

70H 


0283 6F 

76$ 

DB 

6FH 

0284 4E 

714 

OB 

4EH 


02B4 5F 

769 

OB 

5FH 


715 




02B5 3F 

770 

06 

3FH 

0285 40 

716 

06 

40H 

, c. 


771 



0286 36 

717 

06 

36H 


0266 3E 

772 

OB 

3EH 

0287 7F 

718 

06 

7FH 


02B7 70 

. 773 

06 

70H 

0288 36 

719 

OB 

36H 


02B8 3fi 

774 

C-B 

3AH 

0289 7F 

720 

OB 

7FH 


02B9 77 

775 

OB 

77H 

0280 36 

721 

06 

36H 


02Bft 2E 

776 

OB 

2EH 

02^ 59 

722 

06 

59H 


02BB 5F 

777 

06 

5FH 


723 




026i: 3E 

778 

OB 

3EH 

028C 3F 

724 

06 

3FH 



779 



0280 7F 

725 

06 

7FH 


02BO 00 

780 

OB 

a0H 

028E 3F 

726 

OB 

3FH 


02BE 7F 

781 

OB 

7FH 

028F 40 

727 

OB 

40H 

;T 

82BF 3E 

782 

OB 

3EH 

0290 3F 

728 

06 

3FH 


02C0 7F 

783 

OB 

7FH 

0291 7F 

729 

06 

7FH 


02C1 3E 

784 

OB 

3EH 

0292 3F 

730 

06 

3FH 


02C2 7F 

785 

OB 

7FH 


731 




02C3 7F 

736 

OB 

fTH 

0293 01 

732 

OB 

81H 



787 



0294 7E 

733 

06 

TEH 


02C4 3F 

788 

06 

3FH 

0295 7F 

734 

OB 

7FH 


02C5 5F 

789 

06 

5FH 

0296 7E 

735 

OB 

TEH 


02C6 6F 

790 

OB 

6FH 

0297 7F 

736 

06 

7FH 


02C7 77 

791 

OB 

77H 

0298 'TE 

737 

06 

TEH 


02C8 7B 

792 

06 

7BH 

0299 01 

738 

06 

01H 


02C9 70 

793 

OB 

70H 


All mnemonics copyrighted © Intel Corporation 1976. 
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ISIS-II l1CS-48/'UPI-41 MflCRO flSStnDLER. V2. 0 
LPC 7040 SERIES PRINTER CONTROLLER SOURCE CODE 


PflGE 18 


ISIS-II MCS 48/UPI-41 HflCRO fiSSEMBLER, V2. 0 pflQE 19 
LRC 7040 SERIES PRINTER CONTROLLER SOURCE CODE 


LOC OBJ 

SEQ 

SOURCE STATEMENT 

LOC OBJ 

SEQ 

SOURCE STATEMENT 

02C-ft 7E 

794 

DB 

TEH 

0311 7F 

849 

DB 

7FH 


795 



0312 0F 

850 

DB 

0FH 

02CB 7F 

796 

D6 

7FH i ] 

0313 7F 

851 

DB 

7FH 

02CC 7F 

797 

DB 

7FH 

0314 7F 

852 

DB 

7FH 

02CD 3E 

798 

D3 

3EH 


853 



02CE 7F 

799 

DB 

7FH 

0315 66 

854 

DB 

6BH 

02CF 3E 

800 

DB 

3EH 

0316 7F 

855 

DB 

7FH 

02D0 7F 

801 

DB 

7FH 

0317 00 

856 

DB 

wn 

02D1 00 

882 

DB 

00H 

0318 7F 

857 

DB 

7FH 


803 



0319 00 

858 

DB 

00H 

02D2 77 

804 

DB 

77H 

031A 7F 

859 

DB 

•7FH 

02D3 6F 

805 

DB 

6FH 

031B 6B 

860 

DB 

6BH 

02D4 5F 

806 

DB 

bFH 


861 



02D5 20 

807 

DB 

20H 

031C 4D 

862 

DB 

4DH 

me 5F 

808 

DB 

5FH 

031D 36 

863 

DB 

36H 

02D7 6F 

809 

DB 

6FH 

031E 7F 

864 

DB 

•TH 

02D8 77 

810 

DB 

77H 

031F 00 

865 

DB 

00H 


811 



0320 7F 

866 

DB 

7FK 

02D9 7E 

812 

DB 

TEH . 

0321 36 

867 

DB 

36H 

02Dfl 7F 

813 

DB 

7FH 

0322 59 

868 

DB 

59H 

02DB 7E 

814 

DB 

TEH 


869 



02DC 7F 

315 

DB 

7FH 

0323 0E 

870 

DB 

0EH 

02DD 7C 

316 

DB 


0324 7D 

871 

DB 

7DH 

02DE 7F 

317 

DB 

7FH 

0325 0B 

872 

DB 

0^ 

02DF 7E 

813 

DB 

TEH 

0326 77 

873 

DB 

77H 


819 



0327 68 

874 

DB 

63H 


320 



0328 ST 

875 

DB 

5FH 


:321 



0329 38 

876 

DB 

38H 


322 



877 




323 

, iWP.. TABLE ON PAGE 3 

032A 49 

878 

DB 

49H 


824 

. MSB IS IGNORED.. DATA INVERTED 

032B 36 

879 

DB 

36H 


825 

; SEE EXAMPLE (A^ IN PAGE 2 OF ROM 

032C 7F 

880 

DB 

7FH 


826 

; *j|:***:Jt**:**:|t+****;|:**^:*^ct-**)|:3tt:ti***JH:*t3l‘H. 

032D 37 

881 

DB 

37H 


827 



032E 5A 

882 

DB 

5RH 

0300 

828 

OPG 

300H 

032F 7D 

883 

DB 

7DH 


829 



0330 72 

884 

DB 

72H 

0300 7F 

830 

DB 

7FH BLANK 


885 



0301 7F 

831 

DB 

7FH 

0331 7F 

886 

DB 

TFI! 

0302 7F 

832 

DB 

7FH 

0332 7F 

887 

DB 

7FH 

0303 7F 

833 

DB 

7FH 

0333 7F 

888 

DB 

7FH 

0304 7F 

834 

DB 

7FH 

0334 0F 

889 

DB 

0FH 

0305 7F 

835 

DB 

7FH 

0335 7F 

890 

DB 

7FH 

0306 7F 

836 

DB 

7FH 

0336 7F 

891 

DB 

7FH 


337 



0337 7F 

892 

DB 

7FH 

0307 7F 

838 

DB 

7FH ! 


893 



0308 7F 

839 

DB 

7FH 

0338 7F 

894 

DB 

7FH 

0309 7r 

840 

DB 

7FH 

0339 63 

895 

DB 

63H 

030R 02 

841 

DB 

02H 

033A 5D 

896 

DB 

5DH 

030B 7F 

842 

DB 

• 7FI! 

033B 3E 

897 

DB 

3EH 

030C 7F 

843 

DB 

7FH 

033C 7F 

898 

DB 

7FH 

030D 7F 

844 

DB 

7FH 

033D 7F 

899 

DB 

7FH 


845 



033E 7F 

900 

DB 

7FH 

030E 7F 

846 

DB 

7FH 


901 



030F 7F 

847 

DB 

7FH 

033F 7F 

902 

DB 

7FH 

0310 0F 

848 

DB 

0FH 

0340 7F 

903 

DB 

7FH 


All mnemonics copyrighted ® Intel Corporation 1976. 
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LOC 

OBJ 

SEQ 

SOURCE 

STATEMENT 


LX 

OBJ 

SEQ 

SOURCE 

STATEMENT 

0341 

7F 

904 

DC 

7FH 


0371 

7F 

959 

06 

7FH 

0342 

3E 

905 

06 

3EH 


0372 

3A 

960 

06 

3AH 

0343 

5D 

906 

06 

50fi 


0373 

77 

961 

06 

TTH 

0344 

63 

907 

OB 

63H 


0374 

2E 

962 

06 

2EH 

0345 

n 

908 

06 

7FH 


0375 

7F 

963 

06 

7FH 



909 




0376 

41 

964 

06 

41H 

0346 

77 

910 

06 

77H 




965 



CD 

50 

911 

06 

50H 


0377 

7F 

966 

06 

7FH 

0348 

6b 

912 

06 

66f! 


0378 

5E 

967 

06 

5EH 

0349 

14 

913 

08 

14H 


0379 

7F 

968 

06 

7FH 

034fl 

6B 

914 

06 

6BH 


037A 

00 

969 

06 

00H 

034B 

50 

915 

06 

SDH 


0376 

7F 

970 

06 

7FH 

034C 

77 

916 

OB 

77H 


037C 

7E 

971 

06 

TEH 



917 




0370 

7F 

972 

06 

7FH 

034D 

77 

918 

06 

77H 

; + 



973 



034E 

7F 

919 

06 

7FH 


037E 

5C 

974 

06 

5CH 

034F 

77 

920 

OB 

77H 


037F 

36 

975 

06 

36H 

0350 

49 

921 

06 

49H 


0388 

7E 

976 

06 

TEH 

8351 

77 

922 

06 

??H 


0381 

37 

977 

06 

37H 

0352 

7F 

923 

06 

?FH 


0382 

7E 

978 

06 

TEH 

0353 

77 

924 

06 

77H 


0383 

37 

979 

06 

37H 



925 




0384 

4E 

980 

08 

4EH 

0354 

7F 

926 

06 

7FII 




981 



0355 

7F 

927 

06 

TTH 


0385 

30 

982 

06 

3DH 

0356 

7F 

928 

06 

7FH 


0386 

7t 

983 

06 

TEH 

0357 

7E 

929 

06 

TEH 


0387 

?F 

984 

06 

2FH 

0358 

79 

930 

06 

79H 


0388 

.E 

985 

06 

TEH 

0359 

7F 

931 

06 

7FH 


0389 

2F 

986 

OB 

2FH 

035fl 

7F 

932 

06 

7FH 


038R 

56 

987 

06 

56H 



933 




0386 

39 

988 

08 

39H 

035B 

7B 

934 

06 

7BH 

.5- 



989 



035C 

7F 

935 

06 

7^H 


03X 

76 

990 

08 

7BH 

035D 

7B 

936 

06 

7BK 


0380 

77 

991 

06 

TTH 

035E 

TF 

937 

06 

7FH 


038E 

66 

992 

06 

66H 

035F 

VB 

938 

06 

7611 


038F 

5F 

993 

06 

5FH 

0360 

TT 

939 

OB 

7FH 


0390 

20 

994 

06 

20H 

0361 

7B 

940 

06 

7BH 


0391 

7F 

995 

06 

7FH 



941 




0392 

76 

996 

DC 

7BH 

0362 

7F 

942 

OB 

7FH 

i. 



997 



0363 

7F 

943 

06 

7FH 


0393 

00 

998 

08 

0OH 

0364 

7F 

944 

OB 

7FH 


0394 

7E 

999 

06 

TEH 

0365 

?E 

945 

DC 

TEH 


0395 

2F 

1000 

06 

2FH 

0366 

7F 

946 

06 

?FH 


0396 

7E 

1001 

06 

TEH 

0367 

7F 

947 

06 

7FH 


0397 

3F 

1002 

06 

3FH 

0368 

7F 

948 

06 

7FH 


0398 

6E 

1003 

06 

6EH 



949 




0399 

31 

1004 

06 

31H 

0369 

7E 

950 

06 

7EH 




1005 



8368 

70 

951 

06 

70H 


039A 

79 

1006 

06 

79H 

036B 

7B 

952 

06 

7BH 


0396 

76 

1007 

06 

76H 

836C 

77 

953 

06 

77H 


039C 

6F 

1008 

08 

8FH 

036D 

6F 

954 

06 

6FK 


0390 

56 

1009 

06 

56H 

036E 

5F 

955 

06 

5FH 


039E 

3F 

1010 

06 

3FH 

036F 

3F 

956 

06 

3FH 


039F 

76 

1011 

OB 

76H 



957 




03A0 

79 

1012 

06 

79H 

0370 

41 

958 

08 

41H 

;0 



1013 




All mnemonics copyrighted ® Intel Corporation 1976. 
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ISIS-II MCS-48/^JPI-41 HflCRO fiSSCMBLER, V2. 8 
LRC 7840 SERIES PRINTER CONTROLLER SOURCE CODE 


PflGE 22 


ISIS-11 HCS-48A)PI-41 HRCRO fiSSEMBLER. V2. 0 
LRC 7940 SERIES PRINTER CONTROLLER SOURCE CODE 


PfiGE 23 


LOC OBJ 

SEQ 

03A1 3F 

1014 

03A2 7F 

101b 

03A3 38 

1016 

03A4 77 

1017 

03A5 2F 

1018 

03A6 5F 

1019 

03A7 3F 

1020 


1021 

03A8 49 

1022 

03A9 36 

1023 

03AA 7F 

1024 

03AB 36 

1025 

03AC 7F 

1026 

03AD 36 

1027 

03AE 49 

1028 


1029 

03AF 4F 

1030 

03B0 37 

1031 

03B1 7F 

1032 

03B2 36 

1033 

03B3 7D 

1034 

03B4 3B 

1035 

03B5 47 

1036 


1037 

83B6 7F 

1038 

CD 

1039 

03B8 TT 

1040 

03B9 6B 

1041 

03BA 7F 

1042 

03B6 7F 

1043 

03BC 7F 

1044 


1045 

03BD 7F 

1046 

03BE 7F 

1047 

03BF 7E 

1048 

03C0 69 

1049 

03C1 7F 

1050 

03C2 7F 

1051 

03C3 7F 

1052 


1053 

03C4 7F 

1054 

03C5 77 

1055 

03C6 6B 

1056 

03C7 5D 

1057 

0308 3E 

1058 

03C9 7F 

1059 

03CA 7F 

1060 


1061 

03C6 66 

1062 

03CC 7F 

1063 

03CD 6B 

1064 

03CE 7F 

1065 

03CF 6B 

1066 

03D0 7F 

1067 

03D1 6B 

1068 


SOJJRCE STATEMENT 

DB 3FH .;7 

DB 7FH 

DB 38U 

DB 77H 

DB 2FH 

DB 5FH 

DB 3FH 

DB 49H }3 

DB 36H 

DB 7FH 

DB 36H 

DB 7FH 

DB 36H 

DB 49H 

DB 4FH .9 

DB 37H 

DB 7FH 

DB 36H 

DB 7DH 

DB 36H 

DB 47H 

DB 7FH 

DB 7FH .. ; 

DB 7R) 

DB 6BH 

DB 7FH 

DB 7F1I 

DB 7FH 

DB 7FH 

DB 7FH 

DB TEH 

DB 69H 

DB 7FH 

DB 7FH 

DB 7FH 

DB 7FH 

DB 77H 

DB 6BH 

DB 5DH 

DB 3EH 

DB 7FH 

DB 7FH 

DB 6BH j = 

DB 7FH 

DB 6BH 

DB 7FH 

DB 66H 

DB 7FH 

DB 66N 


Ltt OBJ 

SEQ 


1069 

03D2 7F 

1070 

03D3 7F 

1071 

03D4 3E 

1872 

03D5 5D 

1073 

03D6 66 

1074 

03D7 77 

1075 

03D8 7F 

1076 


1077 

0309 7F 

1078 

03OR 5F 

1079 

0306 3F 

1080 

03OC 7A 

1081 

0300 37 

1082 

03OE 4F 

1083 

03OF TF 

1084 


1085 


1086 


SOURCE STATEMENT 


DB 7FH 

DB 7FH 

DB 3EH 

DB 5Dfl 

DB 6BH 

DB 77H 

DB 7FH 

DB 7FK ;? 

DB 5FH 

DB 3FH 

DB TAH 

DB 37H 

DB 4Ff! 

DB 7FH 


All mnemonics copyrighted ® Intel Corporation 1976. 
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USER SVMBOLS 


R4 

ms 

AGAIN 

0012 

B32 

01A8 

840 

01E4 

iXEAR 

eei0 

CLRl 

OW?t 

CMD 

0156 

cas 

0880 

CTS 

00R5 

DATA 

0150 

DECO 

0016 

DECR 

0162 

FSPfl 

02F4 

MBIT 

03E0 

HOME 

006A 

INBUF 

m77 

LI 

0004 

LARS 

0170 

LF 

018A 

LOAD 

00CE 

MLF 

0181 

NHOnE 

0026 

NODECR 011C 

NOTS 

003F 

P12B 

019C 

P12C 

0198 

P3C 

00E3 

P3F 

00F6 

PftGE 

0038 

PAGEK 

02F5 

PARA 

0008 

PEON 

02ED 

RJ2 

0064 

RJP 

004D 

ROl 

01^ 

R02 

0188 

saE 

007F 

SING 

00A3 

SLF 

0193 

SOI 

0185 

STAB 

0177 

T1 

0172 

T2 

0172 

T3 

0172 

URIT 

02F8 

X0 

01F6 

XCR 

03F5 

XFER 

002C 


RSSEMBLV COHPLETE. NO ERRORS 


C10 

0099 

CHAR 

0033 

CHECK5 

014E 

CK 

0067 

CON 

009C 

CONT 

0088 

COHX 

02FA 

CR 

01DE 

DMAIN 

0074 

DUDE 

01EA 

FIRE 

0078 

FOUND 

0160 

INIT 

OWO 

INPUT 

0114 

110 

00E9 

ITl 

00EA 

LOOPl 

03E5 

L00P2 

03E7 

LSTCOL 

0052 

L2 

0066 

NRST 

016F 

ON 

0824 

ONE 

00R7 

P12A 

0193 

P6A 

0128 

P6AA 

0145 

P6BB 

0136 

PTC 

0158 

PF 

00DF 

PRINT 

801E 

RESET 

01BE 

RJ 

01F9 

RTAB 

0146 

SDMA 

01C9 

SEND 

0155 

SERROR 007A 

S02 

0182 

SPCR 

03ED 

SPRL 

0144 

SSOL 

01A0 

TAB 

0132 

TERROR 014D 

TOF 

0184 

U14 

00BE 

XS2 

02E0 

VME 

0126 






Ail mnemonics copyrighted © Intel Corporation 1976. 
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INTRODUCTION 

This Application Note discusses how the new Intel family 
of 5 volt EPROMs and ROMs can be used with micro¬ 
processor systems. The pinout evolution and philosophy 
are explored in detail, which leads directly to system archi¬ 
tecture. Particular emphasis will be placed on the pitfalls 
of bus contention and the microprocessor/memory inter¬ 
face, Finally, an actual printed circuit board layout is 
presented. 

PINOUT EVOLUTION 

As EPROM/ROM technology has evolved, there are 
often periods of confusion over EPROM and ROM pin¬ 
outs, as ROM density usually leads EPROM density by a 
factor of two, but ultimately users want any given EPROM 
to have a ROM compatible part. As we have seen, after the 
2716 16K EPROM was introduced, a new ROM pinout 
emerged and “triumphed” over an earlier “standard.” 
The reason this ROM pinout change occurred is that as 
codes stabilize in user’s systems and equipment, many 
users opt for the less expensive ROMs, which are mask 
programmable devices. At the same time, users often use 
the highest available density ROM so they combine 
modular firmware and minimize device count. Of course, 
many users never do go to the ROM stage with their equip¬ 
ment, preferring to minimize inventory levels and utilize 
standard designs that can be customized for final equip¬ 
ment configurations, but they always want the capability 
to do so if desired. 

In addition, over the past few years, the development of 
microprocessors has been intimately entwined with both 
ROMs and EPROMS. 

The 1702A and its ROM counterpart, the 1302, were com¬ 
pletely adequate to support the requirements of the 4004 
series of microprocessors. In order to support the 5 volt, 
3MHz 8085A and 5MHz 8086, it is desirable to use a com¬ 
patible device such as the Intel 5 volt 2716, whose 450ns ac¬ 
cess time is compatible with the microprocessor re¬ 
quirements. Some high performance versions of these pro¬ 
cessors may require selected versions of the 2716 (such as 
the 2716-1 with tAcc = 350ns, or the 2716-2 with 
Iacc = 390ns) depending on the actual system configura¬ 
tion. 

Summarizing these events since the introduction of the In¬ 
tel 1702A, which was the first EPROM, we can postulate 
the following hypothesis: at any point in time, the present 
EPROM determines the pinout for the next generation 
ROM. And, if the subsequent larger density EPROM is 
not ROM compatible, the ROM will change. Also, it can 
be seen that ROMs and EPROMs must evolve along with 
microprocessor developments—so memory performance 
does not limit system performance. 

The devices which are discussed in this Application Note 
represent an extension of the 5 volt compatible family to 
32K bit and 64K bit densities, while improving perfor¬ 
mance as discussed above. It also follows that the pinout 


for the 32K devices must be derived from the 2716 in order 
to maintain socket compatibility. This 16K to 32K pinout 
evolution is shown in Figure 1. 



Figure 1. 16K EPROM Determines 
32K ROM Pinout 


SYSTEM ARCHITECTURE 

As higher performance microprocessors have become 
available, the architecture of microprocessor systems has 
been evolving, again placing demands on memory. For 
many years, system designers have been plagued with the 
problem of bus contention when connecting multiple 
memories to a common data bus. There have been various 
schemes for avoiding the problem, but device manufac¬ 
turers have been unable to design internal circuits that 
would guarantee that one memory device would be “off” 
the bus before another device was selected. With small 
memories (512x8 and lKx8), it has been traditional to con¬ 
nect all the system address lines together and utilize the dif¬ 
ference between Iacc and tco to perform a decode to 
select the correct device (as shown in Figure 2). 


ADDRESS 



Figure 2. Single Control Line Architecture 
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processor required that the corresponding numbers be 
reduced to tAcc = 450ns and tco = 120ns. This allowed a 
substantial improvement in performance over the 4004 
series of microprocessors, but placed a substantial burden 
on the memory. The 2708 was developed to be compatible 
with the 8080 both in access time and power supply re¬ 
quirements. A portion of each 8080 machine cycle time 
had to be devoted to the architecture of the system 
decoding scheme used. This devoted portion of the 
machine cycle included the time required for the system 
controller (8224) to perform its function before the actual 
decode process could begin. 

Let’s pause here and examine the actual decode scheme 
that was used so we can understand how the control func¬ 
tions that a memory device requires are related to system 
architecture. 

The 2708 can be used to illustrate the problem of having a 
single control line. The 2708 has only one read control 
function, chip select (CS), which is very fast (tco = 120ns) 
with respect to the overall access time (tACC = 450ns) of 
the 2708. It is this time difference (330ns) that is used to 
perform the decode function, as illustrated in Figure 3. 
The scheme works well and does not limit system perfor¬ 
mance, but it does lead to the possibility of bus contention. 

BUS CONTENTION 

There are actually two problems with the scheme described 
in the previous section. First, if one device in a multiple 
memory system has a relatively long deselect time, and a 
relatively fast decoder is used, it would be possible to have 
another device selected at the same time. If the two devices 
thus selected were reading opposite data; that is, device 
number one reading a HIGH and device number two 
reading a LOW, the output transistors of the two memory 
devices would effectively produce a short circuit, as Figure 
4 illustrates. In this case, the current path is from Vcc on 
device number one to GND on device number two. This 
current is limited only by the “on” impedance of the MOS 
output transistors and can reach levels in excess of 200mA 
per device. If the MOS transistors have a lot of “extra” 
margin, the current is usueilly not destructive; however, an 
instantaneous load of 400mA can produce “glitches” on 
the Vcc supply — glitches large enough to cause standard 
TTL devices to drop bits or otherwise malfunction, thus 
causing incorrect address decode or generation. 

The second problem with a single control line scheme is 
more subtle. As previously mentioned, there is only one 
control function available on the 2708 and any decoding 
scheme must use it out of necessity. In addition, any in¬ 
advertent changes in the state of the high order address 
lines that are inputs to the decoder will cause a change in 







v 
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DECODE 
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■ TIME 



Figure 3. Single Line Control Architecture 



Figure 4. Results of Improper Timing when OR Tying 
Multiple Memories 


the device that is selected. The result is the same as before 
— bus contention, only from a different source. The 
deselected device cannot get “off” the bus before the 
selected one is “on” the bus as the addresses rapidly 
change state. One approach to solving this problem would 
be to design (and specify as a maximum) devices with tor 
time less than tco time, thereby assuring that if one device 
is selected while another is simultaneously being 
deselected, there would be some small (2()ns) margin. Even 
with this solution, the user would not be protected from 
devices which have very fast tco times (tco is specified as a 
maximum). 

The only sure solution appears to be the use of an external 
bus driver/transceiver that has an independent enable 
function. Then that function, not the “device selecting 
function,” or addresses, could control the flow of data 
“on” and “ofP* the bus, and any contention problems 
would be confined to a particular card or area of a large 
card. In fact, many systems are implemented that way — 
the use of bus drivers is not at all uncommon in large 
systems where the drive requirements of long, highly 
capacitive interconnecting lines must be taken into con¬ 
sideration — it also may be the reason why more system 
designers were not aware of the bus contention problem 
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until they took a previously large (multicard) system and, 
using an advanced microprocessor and higher density 
memory devices, combined them all on one card, thereby 
eliminating the requirement for the bus drivers, but ex¬ 
periencing the problem of bus contention as described 
above. 


ADDRESS DC 
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THE MICROPROCESSOR/MEMORY 5. Two Control Line Architecture 

INTERFACE _ 


From the foregoing discussion, it becomes clear that some 
new concepts, both with regard to architecture and perfor¬ 
mance are required. A new generation of two control line 
EPROM devices is called for with general requirements as 
listed below: 

1. Complete ROM pin and function compatibility. 

2. A power control function that allows the device to 
enter a low-power standby mode when deselected. This 
function can be used as the primary device selecting func¬ 
tion, independent of the output control. 

3. Capability to control the data “on” and “off” the 
system bus, independent of the device selecting function 
identified above. 

4. Access time compatible with the high performance 
microprocessors that are currently available. 

Now let’s examine the system architecture that is required 
to implement the two line control and prevent bus conten¬ 
tion. This is shown in the form of a timing diagram (Figure 
5). As before, addresses are used to generate the unique 
device selecting function, but a separate and independent 
Output Enable (OE) control is now used to gate data “on” 
and “off” the system data bus. With this scheme, bus con¬ 
tention is completely eliminated as the processor deter¬ 
mines the time during which data must be present on the 
bus and then releases the bus by way of the Output Enable 
line, thus freeing the bus for use by other devices, either 
memories or peripheral devices. This type of architecture 
can be easily accomplished if the memory devices have two 
control functions, and the system is implemented accor¬ 
ding to the block diagram shown in Figure 6. It differs 
from the previous block diagram (shown in Figure 2) in 
that the control bus, which is connected to all memory 
Output Enable pins, provides separate and independent 
control over the data bus. In this way, the microprocessor 
is always in control of the system; while in the previous 
system, the microprocessor passed control to the particular 
memory device and then waited for data to become 
available. Another way to look at it is,with a single control 
line the system is always asynchronous with respect to 
microprocessor/memory communications. By using two 
control lines, the memory is synchronized to the processor. 


ADDRESS 



Figure 6. Two Control Line Architecture 


TERMINOLOGY 

Some of the terminology applied to the functions of the 
Intel 5 volt compatible family may be confusing or un¬ 
familiar to many EPROM/ROM users, so the various 
terms are defined here. Actually, the nomenclature was 
developed by various standards groups and is reiterated 
here to avoid confusion as we begin a detailed discussion 
of the devices themselves. 

First of all. Chip Enable (CE) must be defined, as it is the 
primary device selection pin. By agreed standards, that 
function which substantially affects power dissipation is 
called CE. Any memory device that has a CE function has 
both an active and standby power level associated with it. 

Output Enable (OE) is the signal that controls the output. 
The fundamental purpose of OE is to provide a completely 
separate means of controlling the output buffer of the 
memory device, thereby eliminating bus contention. 

Chip Select (CS) is a signal that gets logically ANDed with 
addresses. In a completely static device, CS must remain 
stable throughout the entire device cycle, and its function 
is equivalent to Output Enable (OE). 
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THE NEW INTEL FAMILY 

Figure 7 shows the new Intel 5 volt compatible family of 
EPROMs and ROMs. In order to take advantage of the 
modular compatibility offered by the family, the func¬ 
tional compatibility of device pins 18, 19 and 21 must be 
understood. (Shaded area in Figure 7.) 

First, we must examine the compatibility of the two oldest 
EPROM members of the 5 volt family — the 8K (2758) and 
the 16K (2716). 

Pin 21 (Vpp) is normally connected to Vcc for read only 
applications of both devices, and pin 19 is either at GND 
(Vil) for the 8K 2758 or connected to Aio for the 16K 
2716. Further details on either of these devices can be 
found in Section 9 of the 1977 Edition of the Intel Memory 
Design Handbook, or Section 4 of the 1978 Intel Data 
Catalog. 

The 32K (4Kx8) devices, which have identical pinout^ for 
both the ROM and EPROM, will now be discussed. Pin 18 
is CE. Pin 19 is Aio, while pin 20 is OE. As was pointed out 
before. Output Enable is the function which allows in¬ 
dependent control of the data “on” and “off” the output 
bus. As Figure 7 indicates, Vpp (the programming voltage 
for the 2732 EPROM) is now multiplexed with OE on pin 
20. Pin 21 becomes An, which is the additional address bit 
that is required as the density increases from 16K to 32K. 

Pin 21 is the only pin that requires any special considera¬ 
tion when designing a system to accept the 8K, the 16K, or 
the 32K device. With the 8K and the 16K devices, pin 21 
must be connected to Vcc* while with the 32K and higher 
density devices, it must be connected to An. This is easily 
accomplished by making sure the printed circuit trace links 
all pin 2rs together as though they were an address line 
and allowing for a jumper that will connect pin 21 to either 
Vcc or Ai 1 at the edge of the array (this technique can be 
seen in the “Printed Circuit Board Design” section and in 
Figure 8). Connecting the pin 2rs together in this manner 
is acceptable as the read current requirement for Vpp is 
4mA maximum per device — low enough to be handled by 
a signal trace, but too high for an address driver to provide 
directly. 


The highest density member of the family is a 64K ROM 
which is also shown in Figure 7. In order to maintain total 
compatibility it is packaged in a standard 28-pin package. 

It may seem as though the 28 pin package is not compatible 
with the rest of the family, but referring again to Figure 7, 
note that the lower 24 pins are identical to the 24 pin 8K, 
16K and 32K devices. To allow for total compatibility 
within the family: printed circuit boards must be laid out 
to accommodate 28 pin sites; a jumper must be included to 
accommodate pin 21 as shown in Figure 8, and when using 
64K devices, CS 2 (Pin 26) must be mask coded active high. 
This compatibility can also be seen graphically in Figures 9 
and 10. The upper portion of the figure shows how 24 pin 
devices are used in the 28 pin sites. The two control lines 
(^ and ^) remain unchanged as discussed earlier, and A 12 , 
the next address bit required for a 64K bit device, is 
connected to pin 2 of the 28 pin site. The lower portion of 
the figure illustrates the use of 28 pin devices. Address bit 
A 12 is already connected to the right pin, and the chip 
selects (CSi and CS 2 ) are connected to the Vcc power 
distribution grid. This configuration would require that 
both CSi and CS 2 be coded active high. 


Vcc 

r- 

24 


- - - M' 

24 

21 


34 
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32K Bit Density and Higher 



8K and 16K Density Devices 

Figure 8. Pin 21 Connections for Various Density Devices 



Figure 7. 5 Volt EPROM/ROM Compatible Family 
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CSi; CS 2 should be coded active high in order to preserve 
total compatibility. 

To summarize, the selection of a 28 pin package for 64K 
devices has several benefits of importance to present and 
future system designs: 

1. Two line control philosophy (separate CE and OE 
functions) is preserved at the 64K bit level. 

2. 64K EPROM compatibility is allowed for by maintain¬ 
ing a pin for the Vpp function. 

3. The next generation (128K bit ROM) must be in a 28 
pin package. 

If CS 2 (pin 26) is mask coded to be active high and con¬ 
nected to Vcc. and the jumper provision for pin 21 is in¬ 
cluded on the card as described above, any member of the 
family can be plugged into the same socket — IK, 2K, 4K 
or 8K bytes — without any card modification or redesign. 
In addition, future devices of higher density will fit in the 
same pinout. 

PRINTED CIRCUIT BOARD DESIGN 

The Ice waveform for the 2332 and the 2364 is shown in 
Figure 10. The supply current, Icc» has three segments that 
are of concern to the system designer — the standby level, 
active level and the transient peaks that are produced on 
the rising and falling edges of Chip Enable. The transient 
currents must be suppressed by properly selected decoupl¬ 
ing capacitors. High quality, high frequency ceramic 
capacitors of small physical size with low inherent induc¬ 
tance should be used. In addition, bulk decoupling must be 
provided, usually near where the power supply is con¬ 
nected to the array. The purpose of the bulk decoupling is 
to overcome the voltage droop caused by the inductive ef¬ 
fects of the PC board traces. Electrolytic or tantalum 
capacitors are suitable for bulk decoupling. The following 
capacitance values and locations are recommended for the 
2332 and 2364: 

1. A OAfiF ceramic capacitor between and GND at 
every other device. 

2. A 4J(i¥ electrolytic capacitor between and GND 
for each eight devices. 

A printed circuit board layout for a total array of 16 
devices is shown in Figure 11. This printed circuit layout 
incorporates a power supply distribution system such that 
the power supply and ground traces on the PC board are 


ing capacitors. Provisions are included for all address in¬ 
puts, output enable inputs, data outputs and decoded chip 
enable inputs. The 0.1 /aF capacitors referred to above are 
included for every other device (indicated by the legend 
C2) while the bulk decoupling capacitor is shown at the up¬ 
per left-hand corner (indicated by the legend Cl). The 
layout consists of four rows of four 28-pin device sites each 
and embodies all of the concepts explained above. Note 
that pins 28, 27 and 26 are all connected to Vcc- This re¬ 
quires that when ordering mask programmed 2364 64K 
ROMs, the order must specify that CS) and CS 2 be coded 
active HIGH. The single jumper provision discussed in the 
previous section is also included at the upper lefthand cor¬ 
ner of the array (indicated by A, B, and C). Pad B is con¬ 
nected to pin 21 of all devices in the array; pad A should be 
connected to the Aj 1 address driver and pad C is connected 
to Vcc- Tor use with 32K bit or larger devices, a jumper 
must be installed between pads A and B; for use with the 
2716 (16K) or the 2758 (8K), the jumper must be installed 
between pads B and C. 

A full size (2x) artwork film is included on the last page of 
this Application Note. The entire array, or segments of it 
can be photographed and used directly as part of a system 
board. 



Figure 10. Typical Ice Current vs Time 
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INTRODUCTION 

The following brief note is intended to answer the 
simpler questions on crystai specifications and their 
operation with the various Intel components. First, a 
theoreticai expianation of the crystal is given to aid the 
user in understanding crystai operation. This inciudes a 
discussion of the parameters necessary for proper 
specification to the vendor. Following this section are 
explanations of the various crystal-capacitor configura¬ 
tions seen in the Intel User’s Manuals and data sheets; 
why they are suggested for proper crystal operation and 
what might happen if they weren’t there. 

The final section of this note provides a iist of sug¬ 
gested crystai specifications, suppliers, and part 
numbers for the highest frequency crystals possible for 
the various intel components that require them. In no 
way does this iist represent the only crystals or sup¬ 
pliers available. This section Is conveniently preceded 
by a discussion of problem areas that may result if a 
user is using the wrong crystai required for the compo¬ 
nent. 

CRYSTAL OPERATION — BRIEF THEORETICAL 
EXPLANATION 

Understanding Crystal Operation 

Crystals are piezoelectric devices which transform 
voitage energy to mechanical vibrations and voltage 
oscillations. The frequency of the crystal is largely 
dependent on its thickness, with thinner crystais pro¬ 
ducing a higher frequency. 

Crystals are generally specified as being series or 
parallel resonant, but all crystals are in actuality both. 
Vendors supply crystals as series or parallel resonant 
based on the desired frequency and the crystal’s rela¬ 
tive abiiity to generate the frequency in that mode. On a 
conceptual basis, when using a crystai as series reso¬ 
nant, its output is in phase with its input, whereas using 
the crystal as parallel resonant will result in a phase 
shift from its input to output. 

Different LSI components prefer different crystals due 
to the nature of their internal oscillator design. In 
general, Intel bipolar components have a non-inverting, 
bidirectional drive oscillator, whereas NMOS com¬ 
ponents use an Inverting oscillator. Non-inverting oscil¬ 
lators prefer series resonant crystals (as the series reso¬ 
nant crystal has 0 degree net phase shift), while invert¬ 
ing oscillators prefer crystals which are parallel reso¬ 
nant. Since a crystal has both a series and parallel 
operating frequency, many times any crystal will seem 
to work when connected to a component. 

When giving the specifications to a crystal vendor for a 
crystal, it is helpful to understand its equivalent circuit 
as shown In Figure 1. The impedance of this circuit 
(neglecting R to simplify matters for conceptual pur¬ 
poses) can be calculated and plotted against frequency 
(Figure 2). This frequency-impedance plot illustrates the 
two different operating modes of crystal, cog (series 
resonance) occurs when the impedance (reactance) is 
zero and cop (parallel resonance) occurs when the im¬ 
pedance goes to infinity and appears inductive. 



SHUNT CAPACITY DUE TO 
WIRE LEADS AND HOLDER 


Figure 1 



WHERE Op - u, IS VERY SMALL - 320-350 ppm APPROX. 


Figure 2 


When operating at series resonance (cog) the equivalent 
circuit of the crystai becomes a simple resistor Rs 
(Figure 3; remember, R was neglected In the impedance 
calculation). This Rs value must be specified to the 
crystal vendor when buying a crystai. 

This parameter becomes a problem with lower fre¬ 
quency or overtone crystals (thicker, more resistance) 
and a buffer that doesn’t have sufficient gain to drive 
those crystais (i.e., loop gain becomes less than 1). 
Overtone crystals also have Rs problems as their Rs is 
associated with the fundamental frequency of the 
crystai, not the 3rd harmonic or overtone. The 8224 is 
particularly sensitive to Rs with 27 MHz overtone ap¬ 
plications. 


Rs 


Figur* 3 
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Conversely, if operating at cop (parallei resonance), the 
crystal appears Inductive in the circuit (Figure 4). Since 
the crystal appears inductive, any changes in reactance 
that the crystal sees will have the effect of pulling the 
frequency of the crystal. As a result of this, the amount 
of load capacitance seen by the crystal In the circuit 
configuration becomes important. This load capaci¬ 
tance, CL, is the dynamic capacity of the total circuit 
measured across the terminals of the crystal. The 
amount of this capacitance should always be specified 
to the crystal vendor if the crystal will be operating at 
parallel resonance. 




Figure 4 


CIRCUIT CONFIGURATIONS FROM VARIOUS 
MANUALS/EXPLANATIONS 

Series 10 pF Capacitor Included (Figure 5) 

This additional capacitor is recommended at times to 
debias the crystal. Due to the component’s internal cir¬ 
cuit, a small DC bias may exist across the crystal which 
would strain the crystalline structure. It is also provided 
for trimming the frequency of the crystal to compensate 
for the loading effects of the component. 



Figure 7 


Tank Circuit 

On some Intel components, provision is made for a tank 
circuit. This Is for the use of an overtone crystal; i.e., one 
that is working at a harmonic (generally its 3rd). The tank 
circuitry is a filter to bypass the lower and higher, un¬ 
wanted frequencies to ground while appearing "open” 
to the desired frequency, it is necessary to use tank cir¬ 
cuits and overtone crystals when in the 25+ MHz range 
and above. Fundamental crystals are difficult to make in 
this frequency range as the crystal must be thinner for 
higher frequencies. 

A circuit that has been used for the 8224 in 27 MHz over¬ 
tone crystal applications is shown in Figure 8. 

This filter can be approximated through formulas where 
afterwards it will be necessary to tweak the component 
values for optimization. The formula used to get the 
original component values is: 

f =- ^ where f = overtone frequency 


Parallel 20 pF Capacitors to Ground (Figure 6) 

Crystals can oscillate at several different frequencies, 
each emanating from a different direction of vibration In 
the crystal. For a crystal to oscillate during startup in its 
fundamental frequency, it is best for the crystal to see 
the slew rate (Figure 7) of the pulse provided from the 
oscillator to be as close to the operating frequency as 
possible. 

These 20 pF capacitors act as a high frequency filter to 
create a slew rate closer to the fundamental frequency 
of the crystal. As can be guessed, lower frequency 
crystals are more susceptible to the problem of not 
starting up in the fundamental frequency. 

Capacitors are placed on both sides of the crystal as 
some components have bidirectional drive buffers (i.e., 
1/2 of cycle drive from one side, other half from opposite 
side). A crystal that needs these extra 20 pFs to ground 
will be characterized by starting up at a 3rd or 5th har¬ 
monic Instead of the fundamental frequency. The CL 
specifications in the specification section takes Into 
consideration these extra 20 pF capacitors required for 
some Intel components for proper operation. 
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Precise Timing Appiications 

For applications where precise timing is required, using 
an external drive could produce better results. The ac¬ 
curacy of the component clock over temperature will be 
as accurate as the external drive. It is difficult to guar¬ 
antee the temperature stability of the output frequency 
of the Intel component as fabrication process param¬ 
eters vary, causing large ranges of input impedance and 
hence a large range of loading for the crystal. 

WHAT iF i USE A CRYSTAL OTHER THAN 
SPECiFiED? 

Series vs. Paraiiei 

As discussed in the theoretical section, all crystals have 
a series and parallel operating mode. Placing a series 
crystal on a device requiring a paraiiei (i.e., there is an In¬ 
verting oscillator between the two inputs) wiii force the 
crystal to oscillate in its parallel mode (and vice versa). A 
system with the wrong crystal will exhibit its clock fre¬ 
quency shifted a small percentage (about 320 to 350 
parts per million) from the specified crystal frequency. 
When using the wrong crystal, any attempts to trim the 
frequency to its specified value by using small parallel 
(series if series crystal) variable capacitors will cause 
the crystal to stop oscillating, as predicted by theory, if 
the correct crystal is being used, trimming can be done. 

In applications where accuracy is not important, series 
crystals are sometimes substituted for parallel in the 
circuit. For instance, the 8048 has been characterized to 
be compatible with the series color burst TV crystal 


(3.579545 MHz). If this crystal is used, a small frequency 
shift will occur, as noted above. 


Insufficient Drive Level 

The drive level specified is the maximum amount of 
power that is expected for the crystal to dissipate. If the 
crystal can’t handle this level, frequency drift may occur 
or possibie fracture of the crystai. in other words, if the 
crystal used cannot handle the oscillator drive ievei, 
long term reliability problems may occur. 


Rs Too High 

The higher Rs is, the higher the drive capability of the 
oscillator has to be to get the crystal to oscillate. Too 
much Rs may result In the oscillator not being able to 
drive the crystal; i.e., the loop gain is less than one. 
Overtone applications are particularly sensitive to this 
as thicker crystals are used (lower fundamental fre¬ 
quency, more resistance). 

SPECIFICATIONS 

Intel Component Crystal Requirements 

The following is a list of suggested specifications for 
crystals to be used with Intel components. In most in¬ 
stances the upper frequency limit is given, with excep¬ 
tions being footnoted. 


Component 

(Function) 

Process 

Component 
Divide By 

Crystai 

Type 

Fundamentai 

Overtone 

Upper Limit 
Frequency 

1. 4201A (Clock Generator) 

CMOS 

— 

Series 

f 

5.185 MHz 

2. 8035/48/49, 8748 
(8-Bit CPU) 

NMOS 

15 

Parallel 

f 

6.0 MHz 

3. 8748/8035-8 (8-Bit CPU) 

NMOS 

15 

Parallel 

f 

3.6 MHz 

4. 8041/8741 (Universal 

Peripheral Interface) 

NMOS 

15 

Parallel 

f 

6.0 MHz 

5. 8085A (8-Bit CPU) 

NMOS 

2 

Parallel 

f 

6.25 MHz/6.144 MHzd) 

6. 8085A-2 (8-Bit CPU) 

NMOS 

2 

Parallel 

f 

10.0 MHz 

7. 8202 (Dynamic RAM Controller) 

Bipolar 

— 

Series 

f 

25 MHz 

8. 8224 (8080A Clock Generator) 

Bipolar 

— 

Series 

f/o 

27 MHz/18.432 MHz(2) 

9. 8284 (8086 Clock Generator) 

Bipolar 

3 

Series 

f 

24 MHz/15 MHz(3) 


Additional suggested specifications: 

Frequency Tolerance: ± 0.005% (up to the user) 

CL (Load Capacitance): = 20-35 pF (not necessary when specifying series) 

Rs (Equivalent Series Resistance): <75 ohms 
Cs (Shunt Capacitance): <7 pF 

Drive Level: <10 MHz crystal 10 milliwatts 

>10 MHz crystal 5 milliwatts 

NoIm: 1. 6.144 MHz is commonly used as convenient baud rates can be generated from this frequency. 

2. 27 MHz is max. 18.432 is common crystal used which gives maximum clock rate for 8080A. Fundamental crystal should be used for the 
18.432 MHz application. 

3. Used for either a 8 or 5 MHz output clock, respectively. 
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Holder specifications are up to the user. A standard 
popular one that provides ample lead length is HC-33/U 
(0.750”Wx 0.765”H, 1.5” lead length with spacing of 
0.486”) and can be used for frequencies up to 4 MHz. 
After 4 MHz a smaller holder can be used such as HC- 
18/U (0.435”Wx 0.530”H, 1.5” lead length with spacing 
of 0.192”). All crystals listed in the following table will fit 
In the HC-33/U holder. Other standard holders are 
available. 

Suggested Suppliers, Part Numbers 

The following are two vendors (which are among many) 
that supply crystals to the specifications given earlier 
and their part numbers (given in order of frequency). The 
user should make sure that the holder type associated 
with these part numbers is acceptable in their applica¬ 
tion. 


f 

Parallel/ 

Series 

Cry8lek<i> 

Corp. 

CTS Knight, 
Inc. 

3.6 MHz 

P 

* * 

** 

5.185 MHz 

S 

CY8A 

it « 

6.0 MHz 

P 

* * 

MP060 

6.144 MHz 

P 

* * 

MP061 

6.25 MHz 

P 

it it 

MP062 

10.0 MHz 

P 

it * 

MP10A 

15.0 MHz 

s 

CY15A 

MP150 

18.432 

s 

CY19B* 

MP184* 

24.0 MHz 

s 

* * 

MP240 

25.0 MHz 

s 

* it 

MP250 

27.0 MHz 

S (overtone) 

CY27A 

MP270 


‘Intel also supplies a crystal numbered 8801 for this application. 
“Contact vendor with the appropriate specifications. 


Notes: 1. Address: 1000 Crystal Drive, Fort Meyers, Florida 33901 
2. Address: 400 Reimann Ave., Sandwich, Illinois 


The user is not limited to these vendors or frequencies. 
The frequency chosen by the user should take into con¬ 
sideration convertibility to desired baud rates and the 
system timings that must be met. 

in summary, to obtain a crystal for the user’s applica¬ 
tion, it is necessary to give the crystal vendor the follow¬ 
ing information: 

Series or parallel 
Fundamental or overtone 
Rs (series), Cs (shunt) 

CL if parallel 
Drive Level 
Frequency tolerance 
Holder type 

For a select few crystals, vendor numbers were given for 
two different vendors. With the above information, most 
vendors can make the desired crystal whether or not 
they have it as a standard part. 
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